TO: ROGER STROMSTA 



SHU6ART SA850/450 
READ CHANNEL ANALYSIS 



BYRON WONG 
12-79 



003 



TABLE OF CONTENTS 



I. OVERVIEW 

-Read Channel Block Diagram 

II. READ CHANNEL FRONT END 

-D.C. Analysis 
-Equivalent Circuit 
-Transfer Function 
-Read Damping Analysis 
-Sensitivity Analysis 

III. READ CHIP— AMPLIFIER PORTION 

-Amplifier gain calculation 
-Transfer Function 
-D.C. Blocking Capacitor Analysis 
-Amplifier Saturation 

IV. IBM FILTER 

-Single Pole Low Pass Filter 
-Single Pole All Pass Filter 

V. LOW PASS BESSEL FILTER P- 17 

VI. READ CHIP- DIFFERENTIATOR PORTION 

-Overall Description 
-Transfer Function 
-Component Selection 

VII. READ CHIP— TIME DOMAIN FILTER AND DIGITIZER 

-Time Domain Filter and Bit Pulse Width 

-Digitizer 

-An Example of Converting 1T/2T Analog Signal into 
Digital Bits 

VIII. CONCLUSION p. 28 



p- 


4 


p- 


5 


p- 


4 


p. 


6 


P- 


7 


p. 


8 


p. 


9 


p- 


12 


p- 


13 


p. 


14 


p- 


14 


p- 


15 


p- 


16 



P- 


18 


P- 


20 


P- 


21 


P- 


24 


P- 


26 


P- 


27 



001 

IX. ACKNOWLEDGEMENTS P- 28 

p. 29 



p. 29 
p. 32 
p. 39 



X. REFERENCES 

XI. SUMMARY OF EQUATIONS 

XII. SUMMARY OF PLOTS 

XIII. SET UP OF EXPERIMENTS 

XIV. APPENDIX 

A. Read Channel Front End: 

A-l : Derivation of read channel front end transfer p. 41 

function and related parameters 

A-2: Linear phase analysis P- 46 

A-3: Simulated Bode plots of SA850 P- 49 

A-4: Simulated Bode plots of SA450 P- 54 

A-5: Experiment determining damping factor of SA850 p. 58 

B. Read Amplifier: 

B-l: Derivation of read amplifier transfer function and P- 62 

related parameters. 
B-2: Simulated read amplifier Bode plots with various P- d4 

values of D.C. blocking capacitors 
B-3: Actual Bode plots of a read amplifier with various P- '* 

values of D.C. blocking capacitors 
B-4: Exponential decay verse RC time constant P- '° 

B-5: Amplifier saturation plot p< 

C. IBM Filter: 

C-l: Derivation of IBM all pass filter transfer function p. 80 

C-2: Simulated Bode plots of IBM all pass filter P- »l 

C-3: Actual Bode plots of IBM all pass filter _ P- « 

C-4: Derivation of IBM low pass filter transfer function p. */ 

C-5: Simulated Bode plots of IBM low pass filter P- ™ 

C-6: Actual Bode plots of IBM low pass filter P- J^ 

C-7: Simulated Bode plots of read amplifier and IBM all p. iu^ 
pass filter 19 

C-S: Actual Bode plots of read amplifier and IBM all p. i-U 

Dass filter 

C-9: Simulated Bode plots of read amplifier and IBM low p. 114 

pass filter 
C-10:Actual Bode plots of read amplifier and IBM low p. 124 

pass filter 



D. Bessel Filter: 



002 



D-l: 
D-2: 
D-3: 

D-4: 

D-5: 

D-6: 
D-7: 

D-8: 
D-9: 



Actual 

Actual 

Actual 

ideal 

Actual 

Bessel 

Actual 

Bessel 

Actual 

Actual 

with d 

Actual 

Actual 

with d 



Bode 
Bode 
Bode 
value 
Bode 
L.P. 
Bode 
L.P. 
Bode 
Bode 



plots of SA 850 Bessel filter 
plots of SA 450 Bessel filter 
plots of SA 450 Bessel filter with 
(without adjustment), 
plots of SA 850 Amplifier, IBM L.P. & 

plots of SA 850 Amplifier, IBM A. P. & 



plots of 

plots of 

ifferentiator 

Bode plots of 

Bode plots of 

ifferentiator 



SA 850 Amplifier & Bessel L.P, 

SA 850 Amplifier & Bessel L.P. 
connected 

SA 450 Amplifier & Bessel L.P. 

SA 450 Amplifier & Bessel L.P. 
connected 



127 
129 
131 

133 

135 

137 
139 

141 
143 



E. Differentiator: 

E-l: Derivation of idfferentiator with/without parallel p. 146 

resistor 
E-2: Simulated Bode plots of differentiator with actual p. 153 

elements 
E-3: Simulated Bode plots of differentiator with optimum p. 155 

elements 
E-4: Simulated Bode plots of amplifier and differentiator p. 161 

with actual elements 
E-5: Simulated Bode plots of amplifier and differentiator p. 164 

with optimum elements 
E-6: Simulated Bode plots of amplifier and differentiator p. 168 

after perfect pole/zero cancellation with actual 

elements 
E-7: Simulated Bode plots of amplifier and differentiator p. 173 

after perfect pole/zero cancellation with optimum 

elements 
E-8: Derivation of time response of differentiator for p. 177 

pure sinewave input 
E-9: Simulated time response of differentiators sinewave p. 180 

input with actual elements 
E-10: Simulated time response of differentiator for sinewave p. 186 

input with optimum elements 
E-ll: Derivation of time response of differentiator for p. 191 

pure sinewave input assuming perfect pole/zero 

cancellation 
E-12: Simulated time response of differentiator for sinewave p. 194 

input with actual and optimum elements, no perfect 

pole/zero cancellation 
E-13: Simulated time response of differentiator for sinewave p. 200 

input with actual and with optimum elements after 

perfect pole/zero cancellation 



003 



F. Common collector transistor equivalent circuit model 

G. Schematics. 



F-l 
F-2 
F-3 



SA 850 Schematics 
SA 450 Schematics 
Read Amplifier Schematics 



p. 205 



p. 206 
p. 207 
p. 208 



004 



I, OVERVIEW 

The purpose of this analysis is to provide a basic understanding of the 
Shugart SA 850/450 floppy drive read chain electronics, and to provide a 
record for future references. 

Experiments were performed where ever possible to provide comparisons 
between theoretical and actual results. It probably would be helpful to 
study the table of contents on appendix and also section twelve-summary 
of plots, more closely to visualize the comparisons. 

A read chain block diagram is shown on page five. 



II . READ CHANNEL FRONT END 



The front end of read channel consists of read/write head, read damping 
resistors and steering diodes. 

1. D.C. ANALYSIS: 

The steerino diodes are there to provide D.C. bias paths during the read 
mode, and to provide D.C. blocking during write mode. Side select is 
accomplished by the write chip center taps. A summary table is provided 
below: 





READ MODE 


WRITE MODE 




SIDE 


SIDE 1 


SIDE 


SIDE 1 


CT 


LOW 


HIGH 


HIGH 


LOW 


CT 1 


HIGH 


LOW 


LOW 

: — 


HIGH 



During write mode, the write chip data pins (6,7) provide high and 
low resistance paths, according to the input data, to accomplish the 

write function. % , . , . 

During read mode, pins (6,7) of write chip become an open cxrcuit, 
hence no data would be written even if one of the center taps [the 
side that is not selected) is high. # 

There are also two diodes in front of the read chip to provide 
input clamping to prevent read chip from blowing up during transient 
and/or static discharge. 



O.C. equivalent OCT of head in read mode is 
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D.C. bias current (D.C. current through the head) 
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TRANSFER FUNCTION 
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SIMULATED AND ACTUAL BODE PLOTS OF: 



Amp. ♦ A. P. ♦ Bessel (SAB50-- with or without differentiator connected) 

Amp. ♦ L.P. ♦ Bessel (SA4S0-- with or without differentiator connected) 

Anp. ♦ A. P. (SA8S0) 

Amp. ♦ L.P. (SA8S0) 

Amp. t Bessel (SA4S0-- with or without differentiator connected] 



Simulated Frequency and Time Response of Amplifier 
and Differentiator Together. 
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2. EQUIVALENT CIRCUIT: 



A complete model of the A.C. equivalent circuit is shown below: 
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\" 
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Equivalent head inductance (full coil) 

Head internal D.C. resistance 

Equivalent distributed head capacitance 

Pure resistance at resonance. 

Pig tail wire resistance 

Pig tail wire capacitance 

Equivalent read damping resistance 

Amplifier input capacitance 

Amplifier input resistance 

Resonant frequency (Head and pigtail only) 



Typical readings of head and pigtail are: 
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R L 


C L 


R P 


R W 


C W 


R D 


C A 


R A 


SIDE 
SIDE 1 


513 Khz 


1.91 mH 


36ohm 


48pf 


76Kohm 


4 ohm 


1 pf 


850 


450 


lOpf 


lOOkohm 


536 Khz 


1.72 mH 


36ohm 


51pf 


51Kohm 


4 ohm 


1 Pf 


5.9K ohm 


4k ohm 



* The readings for both side & 1 are usually identical. 

The inductance is spec, for 18mH + 2mH and the capacitance is spec, 
for 12 ± 3pf . 
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3. TRANSFER FUCTION: (Appendix A) 



Due to the complexity of the above model and in consideration of 

the practicality, the model is being simplified as the following: 
1 L Al. ^ 
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Assuming: R w =0, R p =R A = o<9 
C=C L +C w +C A 



The transfer function as derived in appendix A is: 

A 5 r C~T~^"CKb ^ J ~!f = Dam Pin9 factor,* not normalized 
^ A - ^tcjtf " - "7c" } 6J* s 3 dB corner f re ^ uenc y 



A. 



From the relationship listed above, it is obvious that head performance 
is degraded after connected to the amplifier. That is the head band-width 
is reduced due to the introduction of additional capacitance. For both 
850/450: » j _- 

-J fi - ~Trt~J~ZE ( L= * 1,91 mH ' C= 59 pf ^ (natural frequency) 



- Wf KH£ 



(Compare with 513 Khz) 



Bode plot of various L and C are plotted at Appendix A. 
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As can be noted from the plots for SA 850, peaking does not occur at 
For/^/o/ , peaking occurs at J . For offl>ljl?bh peaking occurs at 

J ' Jo A I" * Ijl (peaking frequency) 
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A mistake was discoverd by Art Geffon on P. 18A of the report. 
The equation for Cq is: 



Cg = 



_ I max 



Amax Emax Wmax 
where Emax should have been defined as 

Emax = Max. head output (zero to peak) 
< 7 mV (0-P) 

The error caused all subsequent calculations to be off by a factor of 
two. However, using the values calculated in the report would not 
affect the differentiator's performance in terms of frequency and 
linearity. The error resulted in a more conservative differentiator 
design. In other words, it increased the upper limit of the differ- 
entiator's input dynamic range. All other parameters were self- 
adjusted to compensate for the shift. Due to this conservative 
design, we might be sacrificing the low end sensitivity of the 
differentiator. Art is going to run some experiments to determine 
the effect. 
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4. READ DAMPING ANALYSIS: 

For minimum phase distortion, group delay should equal to phase delay. 
Under this theoretical consideration, we would like to have a read damping 
factor of .866 and quality factor of .577. (See Appendix A -linear phase 
analysis). The damping factor indicates the amount of over shoot and it 
affects the amplitude and phase linearity of signal. Damping factor for 
SA 850: ^ , 

lfl % T0o * TE J T 

HI* +¥/ tu i * / Zm, *-- tffV 

l$h d-H ( * = /-?/ »rt j £**irf :> 

SA 450: 

Given ZETA, the percent of overshoot, if occurs, can be calculated by 



• tlMThvr- ' >* M <p7 



Overshoot % - [ ^y^—— 

This equation is true for ZETA less than 0.707. For ZETA greater than 
.707, the system is over damped and no overshoot can occur. For an under- 
damped system, overshoot will occur yet the read back signal will have a 

narrower pulse width. 

An experiment was done by Art Geffon to determine the damping factor. 
The result showed that a head with L=1.7mH, C=59 pf, R Q =5.9k ohm has ZETA 
equal to 0.43 (see Appendix A). This is very close to the calculated value, 

*** Three parameters dictate the choice of damping factors. They are 
1) head bandwidth entension consideration to retain more higher harmonies 
which would affect the margin; 2) signal to noise ratio which would also 
affect margin; 3) phase linearity which would affect signal linearity and 
margin to see P. 46 for linear phase analysis. 
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5. SENSITIVITY ANALYSIS: 

In order to determine how component tolerance will affect various 
parameters, it is necessary to do a sensitivity analysis for individual 
parameter with respect to different components. Damping factor sensiti- 
vity will be considered. 

ft* " tli lit * C *-Q i (Sensitivity of /f / with 

fi respect to variable ^ ) 

ciil = oiit + (HI j crti 

Ai A %& a1 _ al o/il . A*;±£C /V 

Worest case analysis: 
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-/*/ to J« D L J l C 

V HI = ZRo} Z 

J t -Iff Jt' ztflZ* ( xJ( J ' W'J 



L. 



iJT'[Ii£l*± ft I * i^OmhM Oi0 

Percent change of /;/ oi percent change of Rp, L, C. 
e.g., 5% change in components could cause a 

BJjd--. - jo *fo change in damping factor. 

This also implies using 5% damping resistors could cause a worse case 
of 5% change in damping factor. 



The following two families of curves are standard second order 
response with various damping factors. The one on the left is in 
frequency domain and the other one is in time domain. 
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III. READ CHIP-AMPLIFIER PORTION 



The read chip is an eighteen-pins LSI chip. (See Shugart ES 30064-0 & Mot. MC3470) 
The chip basically consists of three separate portions-amplifier, differentiator 
and time-domain filter and digitizer. Each portion will be discussed separately 
in a logical order so as to preserve the flow of read chain signals. 

1. AMPLIFLIER GAIN CALCULATION: 

The amplifier is a two-stage ampliflier with gains equalled to: 



Ac fii •/»* 
A, - 
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**The Motorola LSI 
Mike Henry, 
than calculated 
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Transistor internal 
emitter resistance 
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Process Variation, according to the designer-- 
usjially resulted in values of average gain higher 
The average is usually around 100. 



its\/ 



iSV 




Simplified schematic of MC3470, amplifier portion. 
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2. TRANSFER FUNCTION: 

Due to the fact that the transistor parameters are not given, the 
band-width of the amplifier cannot be calculated. I shall use the 
guaranteed minimum device band-width for analysis purposes. From actual 
tests (See Appendix B), the minimum band-width of the amplifier is more 
than 5 MHZ. 

^ r< \ _. JliAaI ^£ W B = Min. band-width 

- A> & da 

The gain of the first stage is affected by the D.C. blocking capacitor. 



A, - 



«* ik 



t-ti^ + t'C^Nfa)****- 



A, - 



Ji>6 / /0 ~ 6 

Soo So 



JfaSC ¥ I 



-r x IJt XooSCU)<3 

/ CS) - JO * S-Q65Cti 

= /oo SuU 



From the transfer function, it is obvious that the high frequency corner 
of the amplifier is determained by VL while the low frequency corner is deter- 
mined by the value of the capacitor & the internal resistance. If we do not 
have to worry about read/write recovery, then the capacitor can be chosen such 

that — /!/» '' * ' , hn ' W= the lowest frequency we want to pass 

e.g. W= IK. (62.5 KHz) ^ *► This number can be varied to suit 

R- 50OA. (Fixed) different requirements 

C £ .47 uf 
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3. D.C. BLOCKING CAPACITOR: 



The capacitor is necessary at gain-stage #1 of the read amplifier to 
prevent gain-stage #2 from saturating due to D.C. offset from stage #1. 
A problem arises after insertion of the capacitor. That is, during write 
mode, the capacitor will be AC charged to a worse case of 5V P-P which will 
affect the read/write recovery time. It was determined empirically (visually) 
that read/write recovery time equals to lOO^Sfor SA 450 and 50/' S for SA 850. 
This amounted to two time constants for SA 450 and four time constants for 
SA 350. 

R/W Recovery time X= Number of time constants 

XR 

50^.5 



4 *500 
0. 025,(4 f (SA850) 



1 oo M$ 



2 X500 
= 0.1/cf (SA 450) 



See Appendix B for the exponential decaying of amplitude verse time 
contant plot. 

4. AMPLIFIER SATURATION: 

The read amplifier begins to show distortion if the input exceeded 
28mV (P-P). With a nominal gain of 100, the output would be 2.8 V (P-P). 
when input reaches 35 mV, the amplifier breaks down completely. We are 
currently operation at an input voltage of less than 15 mV (P-P) which is 
in the linear region. (See Appendix B for the saturation plot). 

A rough" extimation from the read circuit shows that the read output 
pins are sitting at +3V. This tells us that the output cannot exceed 
2V (O-P) . This agrees with what was observed. 
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IV. IBM FILTER (SA 850 ONLY) 



The so-called IBM filter is actually a jumper selectible "all pass" filter 
or "low pass" filter. When the "F" jumper is "IN", a ground is provided 
to the circuit, the filter becomes a single pole low pass filter. When 
"F" jumper is "OUT", the filter becomes a single pole all pass filter. 

1. SINGLE POLE LOW PASS FILTER 

The equivalent circuit of the single pole low pass is: 




Point A is the emitter of either transistors (8B, pin 10 or 8) on the 
schematic of SA 850. 

Z-i is the parallel impedance of 1.5K ohm and 1.5k ohm + Z 2 - 

Z 2 is the input impedance of Bessed filter. 

Beta is the forward current gain of the transistors. 

fat* I t>p. 

N 
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To evaluate the change of impedance Z, to the response of the L.P. 
network and for simplicity without losing accuracy, I am using piece wise 
linear approach by assuming: 



(in passband) 
(in stopband) 
(1.5K+1.5K)=1K 



Z 2 = 1.5K 

z 2 = 

Z-,= 1.5k (1.5K+1.5K)=1K (pass band) 

Z,= 1.5k 1.5K = .75K (stop band) 

^ 100 

R,=1 k ohm 

R 2 =lk ohm 

0(1 KXt) or p(.75KJTL) » IK 

This means that the impedance changes will not have a drastic effect on the 
network under study. This is an important point to note when we are trying to 
calculate the transfer function and response of the network in Appendix C. 
It simplifies the matter a lot. 

The transfer function of the original network as calculated in Appendix C is: 
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This is a typical single pole low pass network. Its responses are plotted 
in Appendix C with various C's and R-j's. 

2. SINGLE POLE ALL PASS FILTER: 
The equivalent circuit is: 




The transfer function of this network (see Appendix C) is: 



m>- 



/- &*, 



TZstk; > T(j**f) = t-ifrr'zrfci, 



It is obvious that the network is used for phase compensation. The 
amplititude is unity. The responses of this network are plotted in 
appendix C with various values of C and R. 



V. LOW PASS BESSEL FILER 
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The filter was used for its superior linear phase characteristics, 
memo to Roger Strcmsta on 8-7-79 on the filter. 

The transfer function of the third order filter is: 



See 
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The filter being used for the current SA 850 is a standard 3 pole L.P. 
Bessel filter with proper scaling. The one being used for the SA 450 is a 
modified 3 pole L.P. Bessel with C 3 changed from standard 47 pf to 100 pf for 
high frequency compensation. 

The actual frequency response, plpts pf the SA45Q dp indicate that the 

standard elements LP filter has a more linear phase characteristics than the 
adjusted one. 
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VI. READ CHIP—DIFFERENTIATOR PORTION 



1. OVERALL DESCRIPTION: 

For a complete description of the differentiator, please read Motorola's 
ML3470 specification and application note. The following is a brief descrip- 
tion of the differentiator. There are two 0,1 micro-farad capacitors at the 
input of differentiator, They are there to prevent any D,C, level imbalance 
on the line which would upset (saturate) the input stage of the differentiator. 
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R n is introduced to ensure the phase linearity of the differentiator 



and to limit the noise band-width where 
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I_ D is introduced to create another pole to further reduce the noise 



band-width: 
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C n is determined such that under maximum input voltage, the current 



source 


will 


not be 


saturated. 


That 


is, 
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R Y is there to null the current imbalance in the differentiator and to 
compensate for offset voltage in the digitizer portion. By varying R y , 
the internal asymmetry of the device can be eliminated. * Under A.C. analysis, 
the resistor R v can be ignored. 

R is added to control the location of zero of the transfer function. 
This zero is adjusted so as to cancel! out the pole created by the D.C. 
blocking capacitor in the amplifier portion as discussed earlier. In other 
words , we want to adjust R x to improve the overall system low frequency 
linearity. 



V Pa/-e creaie by P*c> c*o*.ciUr - -x-p. 



\ — _ £ero of <&LUu«-£i*f&x> 









There are two capacitors at each of the read chip's D.C. power inputs. The 
power inputs are +24 V and +5 V for SA850 and +12 V and +5 V for SA450. The 
capacitors are there for power line noise filtering. For SA850, there is 
an additional +12 V zener diode CR11 which is for generating +12 V on board. 

* Assumption was made here that the supply voltages and input voltage 
remain constant. Otherwise, asymmetry can still occur. 
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2. TRANSFER FUNCTION: 

The transfer function without R is : (See Appendix E) 
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The responses of the differentiator before and after pole/ zero 
cancellation are plotted in Appendix E. 
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3. COMPONENT SELECTION: 

The following components are selected under ideal and theoretical 
conditions. They are selected and their responses are plotted for the 
purpose of comparison with the actual values used on the devices. 
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Frequency response and time response plot of the actual values and the 
ideal (optimum) values are shown in Appendix E. As revealed from the plots, 
the frequency response curves (no perfect pole/zero cancellation) with opti- 
mum elements do look better than the response curves with actual values-curr- 
ently in use on our drives. Furthermore, by assuming a perfect pole/zero 
cancellation, the frequency response of the actual value curves improved 
substantially at low frequency while the optimum value curves did not show 
much of a difference. The time dpmain response plots do indicate less 
phase delay in the optima case than the actual, These time domain plots 
are assuming a steady state conditions, One thing that is interesting to 
note is that in the case of perfect pole/zero cancellation, the steady-, 
state phase delay remains the saji)e^-no improyeipent , 



VII. READ CHIP-- TIME DOMAIN FILTER AND DIGITIZER 
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1. TIME DOMAIN FILTER AND BIT PULSE WIDTH: 

The filter is necessary because the actual signal from our read/write 
head is not a sinewave It is more 1 i ke Guassian curves superimposed- 
on each other and plus the system noise. The differentiated signal 
would not be a pure cosine wave. It would have "snakes" on the differ- 
entiated signal. This would mean that extra bit would be generated if 
these "snakes" were not being filtered. The time domain filter behaves 
like a window where it opens up at some instances and closed at other 
instances to block out the "snakes". 
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If the time domain filter had effectively blocked out the snakes, 
then the differentiator and the zero-crossing comparator in the chip 
would behave like a peak detector and data bit would be regenerated. 
Period T, determines effectively how much we want to block and period 
J ? determines the pulse width of the regenerated bits. The periods 
are determined 
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If ^j ever gets greater than 1/3 (2T), the time domain filter 
would not be effective. Bit error would occur! 

Without going into any further details, it is obvious that the 
optimum T-, (assuming symmetrical signal) should be: 



T,±±(>T)(l-lf%) 
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There are three constraints which have to be met for the time domain 
filter to work: 



(1) ^T<W^TV (snake cannot be big) 
(2) 

< 3 > T ( >^ 
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The aforementioned criteria is not critical for our current 
SA 850/450 operations. We have a lot of margin to play with at 
this point. However, in the future, if we intend to increase bit 
density with the same chip, problems may arise. 

T 2 (P<jMl Uridt/.) ■= £, C z . < O.dlf (see Spec. ) 

1^ is not critical as long as it is wide enough to provide enough 
hold time for TTL circuit. Minimum of 100 nano seconds is sufficient. 
Current value of T 2 for SA 850 is 200 nS , for SA 450 is 1.05/^5: . 

2. DIGITIZER: 

It consists of basically a comparator, one shot and a D-flip flop. 
Together they convert the analog input signal which contains the data 
into a series of digital pulse train. Then the digitized information 
(bits) can be processed by the host system (computer). The digital 
output is being time delayed by an amount T-, , which is the time domain 
filter window width. 

The following sketch show a hypothetical and ideal case of how an 
analog signal is being converted into digital information. 
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IIX. CONCLUSION : 

This read chain analysis by no means is "the analysis" to 
to determine the system parameters. It is extremely unlikely 
for anyone to come up with a perfect working system from paper 
work calculation and modeling. A lot of changes have to be made 
by an experienced system designer judging from overall system 
performance to perfect the design. However, this analysis does 
provide a complete explantion of individual functions of the 
read chain and also provides a quantitative way (guideline) 
of selectingcomponents. Any major deviation from the calculation 
should probably be backed up with logical explantions from the 
original designer. 

In general, the experiments agreed very well with simulated 
plots in the pass band. The original goal of this assignment 
was to put in writing how each individual blocks of the read 
chain functioned. The time expection and the original goal 
of this assignment making- it not feasible at this point to 
delve into other related* questions . They are as follows: 

1. Actual impacts of IBM filter on phase performance. 

2. Is the low pass BesseS. filter necessary at all and how 
does is affect our phas^, margin? 

3. What is the amount of phase jitter introduced by the 
read chip? 

4. The noise level of the read chain. 

5. Electromagnetic interference susceptibility of our drives 

Some of these questions can be answered quite easily, with 
time availability, by taking the analysis done here one step 
further. Others require a completely different approach to get to 
the answer. 

A similar analysis on write chain, which is supposedly to 
be completed at the same time, will most likely ready in about a 
week. 
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XI. SUMMARY OF EQUATIONS 

1. Read channel front end : 
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2. Amplifier 
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3. Differentiator 
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4. Time domain filter and digitizer 
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XII. SUMMARY OF VARIOUS CURVES 

1. Simulated Frequency Response of Reeri Channel Front End With 
Various L's and C's: 
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2. Simulated Frequency Response of Read Amplifier With Various 
Values of D.C. Blocking Capacitor and Frenquency: 
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3. Actual Frequency Response of Read Amplifier With Various Values 
of D.C. Blocking Capacitors and Frequency: 





C 


Freq. 


Page No. 


SA 850/450 


O.Oluf 


0-500 KHz 


7/ 1 


0.027uf 


0-500 KHz 


72 


1 


0-10 MHz 


13 


O.luf 


0-500 KHz 


74 


'i 


0-10 MHz 


IS 


luf 


0-500 KHz 


K> 


V 


0-10 MHz 


77 



4. Exponential Decaying verse RC Time Constant for Read/Write 

p. 73 
Recovery. K 

5. Amplifier Saturation Plot p ' ' 7 

6. Simulated All Pass Filter Response With Various R's, C's 

and Frequency: 
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7. Actual Plot of IBM All Pass Filter: 

R= 1000 ohm, C= 390 pf, - 500 Khz 
R= 1000 ohm, C= 390 pf, - 10 Mhz 
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8. Simulated Plot of IBM Low Pass Filter With Various Capacitors 
and Frequency: 
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9. Actual Plot of IBM Low Pass with: 

R= 1000 ohm, C= 390 pf, - 500 Khz, 
R= 1000 ohm, C= 390 pf, 0-10 Mhz, 



P. \oZ 
P. |03 



10.- Simulated Response of Read Amplifier and IBM All Pass Filter 
with Various Values of C's and Frequency: 
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11. Actual Plot of Read Amplifier and IBM All Pass Filter with 
(C,= D.C. blocking, C 2 = Filter) 
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R= 1000^, C 1 = 0.027uf 

r= looo-fl- , c 1 =o,027uf 



, C 2 =390pf , 0-500 KHz 
, C 2 =390pf , 0-10 MHz 
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12. Simulated response of Read Amplifier and IBM Low Pass Filter 
with Various Values of C's and Frequency: 
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13. Actual Response of Read Amplifier and IBM Low Pass Filter 



with (C,= D.C. Blocking, C 2 = Filter) 

R= 1000 ohm, C. ] = 0.027uf , C 2 = 390 pf, 

R= 1000 ohm, C 1 =0.027uf , C 2 = 390 pf, 
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14. Actual Response of Bessel Filter. 
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15. Actual Response of Amplifier, IBM Filter L.P. and Bessel Filter: 

- 500 Khz P. /33 



0-10 Mhz 
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16. Actual Response of Amplifier, IBM Filter A. P. and Bessel Filter: 

Bessel Filter - 500 Khz P. /3S" 

0-10 Mhz P./3& 



17. Actual Response of Amplifier and Bessel Filter (SA850) 
Differentiator disconnected - 500 Khz 

0-10 Mhz 
With Differentiator connected - 500 Khz 

0-10 Mhz 
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18. Actual Response of Amplifier and Bessel Filter (SA 450) 
Differentiator disconnected - 500 Khz 
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19. Simulated Frequency Response of Differentiator with Actual 
and with Optimum elements: 
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20. Simulated Frequency Response of Differentiator and Amplifier 
with actual and with optimum elements (No perfect pole/zero 
cancellation assumed) 
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21. Simulated Frequency Response of Differentiator and Amplifier 
with actual and with Optimum Elements. Perfect pole/zero 
cancellation assumed! (Ideal differentiator response) 
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22. Simulated Time Response Plots of Differentiator to Sinewave 
input with Actual and with Optimum Elements: 



Same variation on elements as in #19, 
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23. Simulated Time Response Plots of Amplifier and differentiator 
to sinewave input, assuming perfect pole/zero cancellation, 
with actual and with optimum elements: 



Same variations on elements as in #21, 
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SINSERT SYSCOM>KEYS.F 
SINSERT SYSCGM>ASKEYS 

DIMENSION Y( 1001 >,X< 1001 ),FAZE( 1001 ) 
REAL L 

CALL SRCHSS{ KSURIT, 'FURT4' ,5,1 ,0,CODE ) 

RD=i.E3 

L-1.75E-3 

C=59.E-12 

2ETA=(SQRT(L/C))/(2.*RD> 
F0=495301. 

DO 10 1=1,1001 

F*FLOAT( 1-1 )*1.E3 

X( I >=F 

RAT=F/F0 

Y{I>=SQRT(1./(<1.-RAT**2>**2+(2.*ZETA*RAT>**2)> 
10 FAZE( I > = -ATAIM<<RAT+SQRT(l-ZETA**2>)/ZETA> 
1 -ATAN((RAT-SQRTU-ZETA**2))/ZETA> 
30 FORMAT ( I 5, 5E 12.5) 

VRIT£(5,20)(X< I),Y(I).FAZE(I >, I =1,1001) 
20 FORMAT(3E12.5> 

CALL SRCHSStKSCLOS, 0,0, 1,0, CODE) 

CALL EXIT 

END 
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A-5 Experimental Determination of Damping Factor: 
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The last two equations described that response of a system (network) 
to an impulse equalled to the system transfer function H(S) in frequency 
domain and equalled to zero input response in time domain. 
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A step current is applied to the search coil. The flux generated 
equals to ; 
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0c = turns of search coil; ° = Amplitude of current 
£*« = reluctance of the set up (consider to be constant) 

= L 

y« =Permeability of air 

.^ =Cross-section of head 

A =Length of magnetic linkage surrounding search coil 
and head coil 

Voltage induced at the head equals: 
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a - vi h.o X S <-*) 



^ = Number of turns of head coil 






This implied that by applying a step current to the search coil, 
we are really applying an impulse to the head. The response we see on 
a memory scope is the zero response of the head. 
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Result of experiment: 

By finding the ratio between the main lobe and the second lobe 
from the scope, we can find ZETA of the system by using the following 
relationship: 
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This experimental result agreed very closely to the calculated 
value. J£\- (P'tcS 

* Inductance value could be in error due to improper range selected 
when measurement was taken. The value probably should have been 
1.9 mH. In this case, the calculated damping factor agrees better 
with the experiment, /"f | -o.^hb 
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Sfl 850/450 RERD AMPLIFIER AMPLITUDE AND 
PHASE RESPONSE WITH DC BLOCKING CAPACITOR 
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FB (AMPLIFIER BRNDWIDTH) = 5 MHZ ': 
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i 



PW4Se= 



t — i — i — i — i — i — ; — i — j— i — r 
100 



~i i i i ] i i i i — j — i — i — i — i — j — i — i — i — r 

200 j 300 

FREQUENCY CKHZ3 



1 i i i i i i r 



9 



Kl 



S3 



IS 









is 



<s 

IS 



in 



is 
is 



en 



si 



en 

LjJ 
LU 

en 

CD 
LU 
Q 



LU 
CO 
CO 
ZC 



- rv. 



is 
si 



(S 
CD 



(3 
IS 



IS 
CD 



_ s 



400 



500 



o 

OS 

00 




i"i i 'i ri i 1 1 1 1 1 1 ii 1 1 i i j 1 1 1 1 1 1 1 1 1 j i 1 1 i 1 1 1 ii ) i 1 1 1 1 1 1 1 1 1 i i in i ii i | ii i n i i i i 1 1 ii ii 1 1 1 1 I n i 1 1 i i 1 1 j 1 1 1 i n i i i — Si 

13 1 2 3 4 5 G 7 8 9 10 ^ 



FREQUENCY CMHZ) 






o - 

X 

LU "» 
Q 



CD 

en 




Sfl 850/450 RERD AMPLIFIER AMPLITUDE 
PHASE RESPONSE WITH DC BLOCKING CAF 

C = 10 UF 

FB (AMPLIFIER BRNDWIDTH) = 5 MHZ 



j i ; ; 1 1 u . I ! 1 1 i rrr 1 1 j i n i n i 1 1 1 1 1 1 1 1 1 1 n 1 1 1 1 1 1 ) i 1 1 ~r 



' I i I I I I I I I i i i I I N I I I I i I i I I I I I I ' I I | | | | | , I ! ; J | | 



10 ' 



FREQUENCY CMHZ) 



o 

o 



o ^ 

i 

LU "> 

Q 

ID 



CD 
CE 




Sfl 850/450 READ AMPLIFIER AMPLITUDE AND 
PHASE RESPONSE WITH DC BLOCKING CAPACITOR 

C - 100 UE 

FB (AMPLIFIER BRNDWIDTH) = 5 MHZ , 



AM f>L /TOPS 



IS 
"IS ' — ■> 

? CO 
LxJ 
LlJ 

en 

CD 
1_U 
Q 



L±J 

CO 

en 



iS 
IS 



t-s Q_ 



i i i i i i i ' i j i I i i i i I i i i i ; i i i ! I I I I I i i I i i I i i j i m i i i i i :• i i 
12 3 4 s 



IS 
IS 



n n i 1 1 1 1 1 1 1 1 1 1 1 1 ■ i 1 1 i i i i i i i 1 1 1 1 1 1 1 1 1 1 1 1 i , i 1 1 , 



FREQUENCY (MHZ) 



XI 20 X 20 TO THE INCH 40 1240 

7 X 10 INCHES "« '■ U.*.A. 

KEUFTEL ft E3SER CO. 



C -~o 



.Of^f 



20 




5ooW\t 



ZO X 20 TO THE INCH 46 1 240 

7 X 10 INCHES MADE IN U.S.A. 

KEUFFEL « E9SER CO. 



C -o*;o z~[ 




ZO 



S00&, 



20 X 20 TO THE INCH 46 1240 

7 X lO INCHES H10E l» U.S.A. 

KEUPFEL O ESSER CO. 



c ~o 



*°*l/tf- 




t <C 20 X 20 TO THE INCH 46 1240 

V*£ 7 X 10 INCHES mil in II. 1. 1. 

KEUFFEL * E9SER CO. 




20 X 20 TO THE INCH 46 1240 
7X in INCHES MADE IN U.S.*. 

KEUTFEL « ESSEH CO. 



c = .^f 




/0M< 



<"«- 20 X 20 TO THE INCH 46 1 240 
*£ 7 X IO INCHES H«DE CK U.I.K. 

KEUFFEL A E9SER CO. 




H* 



20 X 20 TO THE INCH 46 1 240 

7X Ifl INCHES MADE IN U. S. A. 

KEUFFEL A ESSER CO. 



c =jjrf 




iOH 1 -- 



AMPLITUDE DECRY VS RC TIME CONSTANT 



T) = A c *ioo% 




j : ! i i ! I i i ! | I i I I I I I 1 i j I I I i . I I l i I 

B 7 8 9 



I 



TIME CONSTANT (T) 



o 

00 



II ,\"f . / -. 



X 20 TO THE INCH AC, IP. .10 

1" tf ICtll '. ru : t in 11 s A 

ki uriri a r r .:ir:« co. 




081 



r-t 



/W^^ ^/ -^'^ #jy fj^<? i^6&~ ,7st**^*t -^ft/?^- 



£#. cu i^ff" ££T: 






-\AAr 




^ 



— e •w- 



%Ah 



t 



v„ 



1/ 



> 0il.t,Ct &*^. "■ 






e 



X 



I& -- ty 



-ex 






*, + ?* 



//£?>-*■ K)sc+f. 



'-2iJlJb. 






^^H;^ 






/• 



lz£li 



-*.^A A^/fr> 



= fc/-^ 



\ 






- <^. />f 



fc=o 









V 



r", -* 



^ 



L J 



/^3 t ^ 



-fc 



ScfcZt* >*,)£./$**_ 



- - Vx 



&-tt,-t?L+ ±CR t (/£*l+ Qifa+gl) ^ 



cZfUe^eJ-fyS?^?^?^ 



082 



y. ^k'+ 'A 



it 



/- see, 



- V; 



' s P * r ■*- — " ' - J "f- " -t I 



Z 3 - l-rK/1/.Srlc fa ffyt"*S*t- 



- -diu 



T(^)~- ~^ 



^, 



J /V fact) 1 ^rJg^r'gjePi 



f (pZ$ ~ £rZJ>* ~'z?' ft* 



jf 




*t <'■ 



~yAZa s*~* crfxzn^u^j &*r A&f-it***-^ sp**-"* ^"^ ^ ^- s**^i£**& 




200 300 

FRFnilFMPY TKH71 



IS 
IS 



r-^ 


IS 


CO 


to 


LU 


CM 


UJ 




en 




CD 




UJ 




Q 






Pi 




fcj 


UJ 


is 


CO 


1 


CE 





D_ 



is 

is 



in 
in 




EFFECT OF CflPRCITOR ON SIGNAL 
PHRSE__ RESPONSE CCRSE-1) 

C = 390 PF 
R = 500 OHMS 






ts 

IS 

s i i i i r r 



CO 
UJ 
LU 

cr 

CD 
LU 
Q 



LU 

CO 

en 
m 



o 

CO 



"i i i i i i i i r 



100 



200 



1 I ; I ! 1 I ] I I I i I I i i r 

: 300 



100 



522 



FRFDIIFMrY fKH71 




CO 
UJ 
LU 

en 

CD 
UJ 

a 



UJ 
CO 
CE 

IE 
Q_ 



o 

00 



FRFnilFMPY TMW7^ 




400 



500 



FREQUENCY CKH71 




CO 
LjJ 
UJ 

cr 

CD 
UJ 



UJ 
CO 

CE 

=n 

Q_ 



o 

00 
^5 



pppnilPKIfY fKM71 



CO 

LU 
LU 

en 

CD 
LU 
Q 



LLi 
CO 

CE 

m 




IS 

is 












ea -J 
si 



05 



IS 



in 
<3 



EFFECT OF CflPRCITOR ON SIGNAI 
PHASE RESPONSE CCRSE-1) 



CAu- Pa^ F<ufee_) 

C = 390 PF 

R = 1000 OHMS 






is 






CO 



S3 



I I I • I 



i — r 



1 — i — i — n — r 




100 



200 



t 

303 



CO 
LU 
LU 
CC 
CD 
LU 
Q 



LU 
CO 

CE 
IE 



00 

00 



100 



50Z 



FRFnilFMr:/ fKH71 




FRFDUFNCY fMH7) 




CO 

UJ 
LLi 

q: 

CD 
LxJ 
Q 



UJ 

CO 

CE 

m 

Q_ 



o 

CD 



FRFOUFNfCY TKH71 




FREQUFN(";Y WH7V 



S3 

_ i 



(S3 



cr> 



(S) 
IS 



si 

CD 



UJ 

cr: 

CD 
UJ 
Q 



ts 

is 



is 



CO 
L±J 
UJ 

cr 

CD 
UJ 
Q 



az <? 

ZH 
Q_ 



IS 
IS 



EFFECT OF CnPRCiJOR ON SIGNRL 
PHRSE RESPONSE (C^E-1) 

C = 390 PF 
R =. 3000 OHMS 



ts 



53 
CD 



IS 



300 



nm 



533 



FRFDIIFMflY TKH71 



UJ 
CO 

cr 

m 





FRFni)FNC:Y TMH71 




LU 
CO 

IE a 



IS 



in = 



is = 

s = 



EFFECT OF DRPRCITOR ON SIGNAL 
PHASE RESPONSKjCRSE-JJ 

C = G80 PF 
R = 3000 OHMS 




t3 

CO 



t — i — i — i — r 



i — i — i — i — r 



i — i — i — i — i — r 
200 



i — i — r 



1 — i — rn — i — r 



i — r 



t — r 



i — r 



C2 

E> 



IS 
CO 



(S 




ra 


,~— N 


CO 


CO 




1_U 




LU 




or 




CD 


to 

K5 


LU 


r^i 


Q 


03 


11 — ' 




LU 




CO 


r=n 


en 


K> 


_L_ 


si 


o_ 



300 



100 



582 



FREQUENCY [KHZ) 



o 

CO 



= IS 
CD 



Cr- 20 X 20 TO THE INCH 46 1240 
*£ 7 X 10 INCHES H»DC in U.S.A. 

KEUFFEL ft ESSER CO. 



£Af£Q f&*f s4££ /**** 



F/tr&e 




50GK& 



20 X 20 TO THE INCH 46 1 240 

7 X IO INCHES MADE IN U.5.H. 

KEUFFEL ft ESSER CO. 



£$£& 



jg/£ Ace /Wsz 




-f— )-•-■--- 



I n Lilly- 



097 



C~£/-. /P^iuu^tu^. *L Z£& y?- a>^~ ~/*l.Z^ s&&uJ*,l : /**<?f>. 



r<?v\ * 



6~4t*. c {,i&u>r f CJ^/ r : 



-f 



-vAA- 



A. 

-v\A- 



V. 



C 



2- a 






Sc 



£2> 



2 



'//<) - JL2. 

<■'- I/. 



An 



T<s)* 



R, -f A * * — 

ft 



/.>£. 3 

I 



.<:/?, -y / 



t 



?/*% ^ 



/ • ^ / 






> JitZ^ S,*~A-' . fj0 '. 






//S?, »*>,) 



V **+(&,) 



=- d. -Jti ~ ' zn-fc^i 



Tti*i)~ 



**, 4wfr(±,j 









IS 



LU 
Q 
ID 



CD 
CE 




is 



CM 



C3 
IS) 



SR 850 SINGLE POLE LOWPflSS FREO'JENt 
RESPONSE (CASE -2) 

R =1000 OHMS 
F0 = 723 KHZ 
C = 220 PF 



I I i iTTi 



0.B3 



| ' '' i i i i i I | i I I I I I I i I j I I I 1 I i I I I j I i I I I I i i j ~TTT ! n i i I [ i I I i I i i j I j | | | i i || | | 



0.10 



0.20 



0.30 



0.40 0.50 0.60 



0.70 



0.80 



0.90 



1.00 



CO 
LU 
LU 

cr 

CD 
LU 



LU 
CD 
CC 



— s CL 



o 

CD 
00 







CD 

cn 



en 
l±j 
uj 

CD 
LU 

Q 



LU 
CO 

cn 

ZC 



O 
CO 
CO 



200 300 

pppflllFMrY CKCm 




Jfl 850 SINGLE POLE LOWPRSS FREQUENCY 
RESPONSE (CASE -2) 



AHPLITUPB 



Ffi/ise 



IS 

13 



IS 



(M 






_ si 




°? CO 
UJ 

■s, LU 

"g CD 

■ UJ 

a 

S3 ' ' 

(S3 

"IS i , 

m UJ 
' CO 

en 

K> — i— 
S3 — L- 

CD 



- S3 

" S3 



_ 13 



13 
S3 



(3 
- O 



1 1 > i i i i i i 1 1 1 i i i i i i i i 1 1 i i m i i i i 1 1 i ; 1 1 i m : I i i i i i i i 1 1 j i i i i i i i i 
1 5 G 7 8 9 

FRFnilFMfW TMH71 



o 

IS C^j} 

"ts 

en 



LU 
Q 



CD 

en 




B.Z0 



' j ' ' ' ' i M , i | t l l U I II I | I I I l"l l'i I i J i . ' "' ' I I i i ; I i t.l I i I I I I i , i , i I , I i I | | i , , | | , | > I I I I t I I ] 



i | i I I i I , II I I s> 



0.10 0.20 0.30 0.40 0.50 0.B0 



0.70 



0.80 



0.90 



m 
1.03 ' 



CO 
LiJ 
UJ 

cr 

CD 

LU 
O 



LxJ 
CO 
(X 

m 



Civ's 20 X 20 TO THE INCH 46 1 240 
^ 7 X IO INCHES MADE IN U.S.A. 



KEUFFEL & ESSER CO. 



SA 8£0 TSH Low/Mss 



T\LT&& 




2&Kti£ 



560^ 



20 X 20 TO THE INCH 46 1 240 

7 X lO INCHES «»0E IN U.S.*. 

KEUFFEL & ESSER CO. 



in 



SA $£Q TBH z&cQPAss 



PLT&& 




/OMfe 



^ 




■520 



FREQUENCY [KHZ) 



o 




CD 



AMptiTOPE 



sfl 850 frequency Response of read amplifier 

RND ALL PASS FILTER (CttSF-i) 



R 
CI 



CD.C. BLOCKING CAP) 



1001M1AMS 
.027 UF 



C2 (ALL PASS FILTER CAP) = 



"i i i i r i i r 



~i I i i i i i — i — i — | — i — i — i — r 
200 



1 i i I J I 1 I I I I — 1 1 — I — I — 

300 400 



FREQUENCY [KHZ) 



S3 
El 






si 



63 
CD 



CO 
LU 



1 LU 

-d cr. 

7 CD 
LU 
CD 

ea 

-s LU 

2 UD 






a: 




~ i i i i i r 



522 



■S3 



o 




FREQUENCY CMHZ) 



o 




CO 
UJ 
LU 

cr 

CD 
UJ 
Q 



LU 

CO 

cc 

n: 



FREQUENCY (KHZ) 



o 








1 ■ ' ' ' ' i ■ ' j ' i ' ' ' ' ' ' i j ' ' i i n 1 1 i j ~i 1 1 n 1 1 ) i j i 1 1 1 1 1 1 1 1 ; i u i i 1 1 1 1 | i i i 1 1 ii 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 i i 1 1 I M , 
1 2 3 4 5 6 7 8 9 



10 



FREQUENCY [MHZ) 



O 

QO 




CD 
CC 



^tupUi0O3 



Sfl 850 FREQUENCY-RESPONSE OF READ AMPLIFIER 
AND ALL PASS FILTERteftSE-1) 

R = iMa^OHNS 

Ci CD.C. BLOCKING CAP) =0.1 UF 

C2 [ALL PRSS FILTER CAP) = 390 PF 



PtK< 



S3 



SI 

5 n 



= si 



SI 
E CD 



CO 
LU 

e i LU 

i-s en 
i <? CD 

LU 
Q 

= s 

I - CO 



31 
Q_ 



-sa 



SI 



~ ; i i i i i i r 



_ — j . j j j , . , j j | j „ 
200 



303 



i — i — i — ; — i — ; — i — i — | — i — i — r 

100 



■ i i i i 



E S3 



5Z2 



FREQUENCY (KHZ) 



o 

CD 




i i i 1 . i 1 1 I . i i 1 i 1 i ii 1 1 rim i 1 i 1 N i i i 1 1 i vj i 
12 3 4 



l l l i M I , i I i I i I I l [ I > I l I I l i I j I I l I ' l l i l I | l l l I l i j l I j M i i i i i i i 
;. S 7 8 9 10 



FREQUENCY [MHZ) 



CD 



UJ " 
D 



CD 

en 




f\] 



A^^LaT^Or 



Sfl 850 FREQUENC^RESPONSE OF RERD AMPLIFIER 
AND ALL PASS FILTEfc^CRSE-i) ; 

.^000 OHMS 
CI (D.C. BLOCKING CAP) = .02 
C2 (ALL PASS FILTER CAP) = S80 PF 



t — i — i — ! — i — i — r 



p~! i — i — i — i — i — i — i — i — [ — i — i — i — i — ; — i — l — i — i — j — i — m — i — j — i — i — i — i — ] — i — i — i — i — r 
100 200 ! 300 100 



3 S3 



— S3 

= S3 



= s 



= S3 
S3 



= S3 

= to 




S3 

«s> CO 

? LU 

- P, 

S3 LU 



l_U 

§ co 

-s CE 

2 n: 



a_ 



S3 

S3 



= S3 
~ S3 



500 



•S3 



FREQUENCY (KHZ) 



M w- 20 X 20 TO THE INCH 46 1 240 

V*^ 7 X lO INCHFS MAOl It* U 4. A. 

KELIFFfcX «. LtiSEH CO. 



IF 1 


i ■!!-! r 

1 ' f '■' 


lit 


jiii 


til- 


■:■; : ; 
,,. ... . 

ilii iii 


Uli ] 4 


TIT!" -T 
Ilii t- 

1 i •*■ r 

'III 


(J 4. .1 

if 


j'M! 
j 1 i-i- 


iiii 


Hil 

!•)• -i : 


1 ' 

• 1-i 


iVyi ■ 


Iiii" 


M-i: 


mi 


TTj" 1 i-l-i-j- 


ffFF 


Hi! 

■ 1 j . 


rrrr 
■ i'j! : 


1-il 


4|:||i 


il+i 


Fm* 


jfft 


w 


1 ■': 


TBT 


jiili 




:j:n 


m-i- 


i-]Ml 

hi 


Mil 

1 ! * 






4: 1 ; 1 M- 


- ■ i 


M i •'■ 


• < , 1 




I'ii i'-i ' ' i -. ■ i-i-i-i 


<: ' 


: J!:! 


ilii 


Ilii 


i ii.¥ 


!..u. .::: 

1+1 !■ 


iiJ.il, 


iiir- 

ii!'| :- 


I :::: 
■t M-i 


!-Ml i-ii-l- 
n-i \M7n 

'M f'jtai 


I 1 


-iii 


m 


¥ 


;tj j 


iiTRHii! 






♦1 : ^ 


W- 


iTJi-Tl 


ifj '- 

i;-i 


li 




i : ,-,, 


Ti 


!.;;■ . ■ !■:•• 




-; •■'■■'■ ! 


4 




11 1 






i-vr-iUm v" 








5, 
i 




III! 

■!ii' 


!lij 


Mil 
!l4 


ij-i 1 


WW 


ffllf 


Ti-ii 

i- 'ii : 


mm 

■ !■■' ! i ' , I-! 


iMH 
Ml-I 


--iii 
-p, i 


!i r 


^M 


t-i-tt- 

;'|! '."' 


i 1 -1 ; 

li-M 


'JWfJ 




:.!:!! 


I'M 

I-' !' 
!ii: 


l 1 , i -' 


w 

1)1 ■>•■. 


iiii 

' M 
I 


!|': 


P 


1 


Li i : . 


ijT'iT 


11 Ti 
I1-H- 


llT"i| l l 




rl.iii i 


|'i 




il-M 

ill 1 


1:1!J 

! I"l ! 


iiii 

; "I 


ii ! ■ 

i II 1 i Ij 


: SiTil: 


::M ?! 


! r ' •■ ! 

n ii;-! 


jTFi 


Hi] 


nil 


'■']*•' i 




■>!!'-! ! 






i ■ 


ii'i 


4 ' '<'■'. 


: 


-ii-i-i 






$$M'iffi;M 




i : i 




• t ■ 


iim 


j|-| 


1 i i I 


n rl iiii 


!ii; :\\) 
llrli-' 1 


Mii -;i 
tm ij 


Tiiii 


liil- 


fi>— 


1 1-1 j 


-' M ■ 


TH i ; i ■ ^' 


; 'i ' , 


-p-— 


iiii 


iii 
it; i 


' 1 i . 


ii 


ill 


i ! 1 . 1 ' 


' 111 


iii-i- 


1 


; -!T 


' !"'i. 


1-jT 
!'!:' 1 


iii' 




iii 


ii IT 


j : 4 

i.i 1 1 




It 


i ; : ' 


i!!l 


Mil 

MM 

! 


i . ! ! 
MM 




li ! iii^ 


■fttfTf 


w 


! ' 1 


■ ; 1 
M : 


Iiii 


• ■ 1 1 ; • 

iiiiiiMi 


Iii! 


iii' 


MiM 


iiii 

MM 


'IN 


: ■.! ' 




i 1 . ! '}'. 


¥ 


Ii- 
iii 


! ! i ! 


llff 


iiii 
Mji 


'<\ 


i-i |ii 


iii! 


I, 1- 

; i 1; 




Id8>\\ 


t -1- 


/TIT 
f 1 ! 

■ 1 ; s 


ilii 
"HIT 


i 1 ¥ 
i 1 t 1 


TJTT iii; 
:;: : ! j ii: 


MM i Mi 
Mil 


iii: ij 
iii! L 


i,i!i 


Hiiiiii 


iiii- 


i i ii 
->r 1-' 


1 !-li 


iii 


Hi: 


1 


i j; ;i . .1 ; 


ii'i 


ill! 


iii 


W^ 


ji ii- 


] | I'. J i ; i ; 


mi i 

1- • i 

M M 


iiWjl 


i-i": ' 
M-i'i. 


';'}■■ I ii! 1 W 


iT^ 


|: 


iti! 


iM ;;i-r iij] 


TTTW 
■H-: mm 


; :"!;■ 1.1 

ii i; ii 




;'; iii 


■ I il 


■:-H 1 

ii'H 


1 ; ii 


Mi r :::i 


! • , : 


1 1 .- 




I--I 


lii-i 


' ! ['; 


!4l. 


I'M! -i 

nri 1 

Til! 1 ! 


ii "H-M 

1 i i'l! i 


,M:jii: 


Mi: 
i i i'l 


V. : 1 

j.ir 


:: ilii iii 


1 ■'! ;■ 


ilii'iilTi i : l 


i'l- 








iij] 

' 1 ; 


Hi; 


! Mi 


¥i jii; 


in"i iMiiM: ii 
i-Fii j-ii;i;iM,fi 


1 'in 


Ipiiii 


Mil 
!"'TI 


•iii I 






ij!' i':-i 


! |. ! r 


'iii i 


iii' 


•! j 1 ; 


. . J - 

iiiii 


iii J- 


!' i 4'i 


Mi' : .il : 

;■:-:■ 11-4 


Ti t i- 

■i-i-h 


■ U-i"! 


: :: j : '|Ti- 


tiiii 


iiii ,|M Mil 


li.: II 


'il 




I 


; i/i; 


'.]'.] 


1 ! . 1 


li;: 
* 1 i-l 


i!!i ii 


; jii i 1 MM; 4 

> 'I'M. M 

:■!;-! i:" M'!i M 


i i-T-i-l 

■; rni 


[ 1 ';■[ 


i >■'■ >. 


Ijli 


f-i i i 






Iiii 


111! 


' •-; 1 


r it 1 


iji 


!"!■!'; 


! i- 1 


1 i, i l 

1 I*. • I 


!,. i-i,i 
.j:j.''.ji'!! 




yprr 


"..p.TJ 


• i 


Tf 


1-1-,-j 


Iii! ;.Hji¥i 


! 1 i 

: : ;i 


¥; 




1 


J- fi ii 


ii]; 


ilii 


iii : 


jii; !!:i:j. 


■[;.;- mm 

I T t ' ' ' ' 


ii'i " : ! 


,-! i 4 1 ; 

ii iiii 


'ii'i' • 


ilii 




'"'"' i 


i : : ' 


: -iM- 

1 


i i ' ! 


■ '.. j 4 : 

■'';■!! 


i M < 
i.);-; : 




iii: 


iii-i i" 

Mi- ' 


ji' ij'.- 


iiii iiii 


.,i ! 

ili ; 


ir " iii "ii 


,l-j-4 

' T! 


liiii¥¥i 

j. . 1 . . . 


I'll 


ilii 






.; ; 1 1 




HI' Mi". 
i:t MM 


TiM M'M M 


M];rM 


-. . ' ! 


iiii 


III! 


iii' 


' ! i 


'.iii 1 .' 

■ : 1 , . ■ : 


iiii 


i : i i 


i'ij 


WT 

l ' ' ! ■• I 


M i M 'ii M .j. ii; 


i-ii 


iiji 


; 1 M ; : ' : 


"M n i "' !■"""! 

; " ' j j ; ; | ' 1 ' ¥ ! 


1 ; ;.: 14 ;-;:* 




' ! 


1 ~n : 


• ; : 1 

; : i ; 


Hi 


■ ■ I 


iiii iii! 


, hi M-iiiiiii ii 

IM-! MiMliM r; 


! j.L|.| 

"M MM 1 


, j i I 


i ; : i 


■ ; 1 i 

i-i! 


li 


■ ]. J. j 


li! 1 

! ' M 


iifl 


!-■-', 




■ i ! i 


I-I 1-i 

M ' 


il:!:' 


iii 1 


WI 1 


r i-i-i 

•- ; -\t< 


iilM-i-iii 


I 


. .!.-! . 


M j 1 4 


iii' iiiliij 


ii' 


T-I-. 


■ 






ilii 


i ' 1 ! 


i t ii 


;m; i i-i- 


mI-I iij! 




i-i- Ii 1 

iiiiii 


iiii' 


... ..;.j 


fit 


Mil 

in; 


'iii 


Mii 


iiH 


li 




' ! i-i 


i i-i i 


'it- i-i 


.|r;.| 

iii-: 


Jiii .! 


TTTi-:" 
!i iiii' 


n# 


;-i-t|- 
Iiii 


:c!i' 


4'ti-i 'Ti 
rr.;i 44 


T! "! ; 

tin 


Mii iji-ili ¥1 


¥' 


; ' ' 






h 


ilii 


Mil 


[til 


!'"'■ Til 


mm 


Ilii 


ii ; iii 


ii. rj- 


fl-i-J 


iii 


tjM 

rj ji 


!T-i:i 


! : ) ) 




Til 


M'j! 


1- • i- 

. i 




1 i"1 ■ 

MM 


Iiii 


Ilii : 

! 1 1 : 1 

: .- 1 1 1 


il Til 


Iii - : |Tii 


m 


i;i: 




.:..'-4' 
; 1- ' 


J : Tt 


¥"■ 
;- 


.., . 1..;,.. 


iiii 


¥ :r 






! ' " S i 

MM 


i¥!i¥ TT T T 

;1M|MM i-Mi 


ii i iii; 


i!ii|: 

* - 1 r 


-|-| •-■< 1 


ilii 


i i-i i 


Mi 


T1 ';■ 


'.'::' 


'' 1 : 


ilif 


'rv 


:'.iM';M 


;T ; - 


4 1 ii 


!M! 
iiii 


■1 ri-j i 

i'l! i 


■i j -!■!"! 


Mi; TH 


T¥" 
•: ii-i 


Ml 1 

"-! i'l 1 


: i ::;LI 


."i'i.T 


* ¥-;: 

. :|;- ■■;■ 

. ,. 1 , , , 


Mji-i-M-' 
'".' 1 ' M ' 






y. 


¥ 


■ f i ' 
!M; 


¥|i;¥ |.;M 


; .;.;■; \ 1 , r 


: 1 . r 

-U !,: ij 


Ii 11 


; ;i:r 


■ - ' ' i 


Till 1 


'■'r', i 


|iii|lii i 


nii 


1 ; ; ; 


Iiii 


: : ' i 


li! 1 


If "I 


'■ M • 
' M ' 


M-I. -1- 

;iii r 


-ii ;m 

- i i j 1 


- .-■ 1 . , r-:- 
1 . -1 ; 


iiiJ 


i; ' 


i'ijHil 


\'-\ ■!"■; 


;. 


: 1 :-n. 


i iii 


_.¥ " _ 




i , 


:!;i 


4X 


till 1 


SIW 


iiii i:, 


ii ijj.j 


j- ■ - 1 


. i-i 1 


ili-l 


Mi: 


:;:mm-;i 

• • : -. t ! ■ ■. • 1 


iiii|ii! ;i 




' 


-]-■.; . 


1 | ' 1 
■ j 1-i 


M ; M 




.1! !■!: 

■H 1 , : t 


i . — ! -1 

■MM M : ji 


Mil 
1-iT-i 


;ii 


■ i i 


-,.|-:.; 


i i-i-', 


; ' 


1 






„. 41I 


i'i. 

' i '. i 

"i'l"! 

! i * j 


;,!; 


Iiii 


WW 


;■ , ; . . , 1 . 

[Ill ' ! • ' 


;..; | 


■ 1 ii-; 

1-i M!i 


' ■ ■ ; ! ■ ■ ' : - 


■Mi 


■:!■! 


i i • ; i . i ■ i 

:: i:|;i: 


ii mmj: 


: ii; 


iii 


;";i.i 


iii 


1 ! ; 1 


iiii : 
11 T 


!'i :;! ; 




;:t. 


:.i | . 


""! 


' ■ 'i ' 


.' " j.Ti ' 


¥ : 


. 


■ 


1 ■ 
.: "j. i 






"■■| 

j I j ; 


M ; i 


1 iiii 


tfflW 


ilii 1 


Ii ill 


Mil 1 


rhi 

! ! i-i 




:'::j.;:: 


Ilii 


■IT IT! 


i'J I"! 


' •■!■' 


ii i i ;■ 




TTT 7 ' 

iiii 


i ■ i ' ; 


11 


IT! 




1 

- - ' i 


: . ...T4-:. 

: . ■ . 1 :'■ . 




'' 


■ ; ' ' i ' 


ill 

1 ! ■ i 


i i i ! 

Mil 


ii;1 


iiii ill: 


•iii iiii Ilii 


111! 


: i 1 • 

i-i ; 1 


.... 


iiii 


Ilii 


' , I ' ■ , i 


ii;: 

: 1 ' 


: : 


----- 




Iii Til 


i : ; 1 


iiii; i- 

: ; iii- 


Tiiii : -i : 'ij 


Iiii 


ii ' i 


! !iiij 


iiT 


Mi' 


' : i i 

' ; 1 


; .4 


i ! ' : j . . 


1 


:: 


; ; ; ; 1 ; 


■Ilii 


I'U'i 


Mil 


iiii : iii 


lUtiiii 


iiii :■ 


il H i 


i::'' 

1: -| 


1., ., 


1 ! 1 •■ 


1 t ■-• 


■ : i - ■ : 1 


1 ' I • 


':'■'■ 


...;.. 


i "' i ': 


!"!'(! 


ii ii i 


]'! ■:- ' -'.'i'iM'!- 


M':-i 


jtitl-i-jT 


I'm 


El 


' ' 


¥ 


- 1 !'-' 


:¥Tj ■ . : 

i'lii' ' 




il ill! 


i-jl 

4u 


111! 


MM 

' ; i : 


Ii!! fin 


n: iiii 

Mil IM'i 


Mi 


ij ii ! 


iii 


i i i] 


li"]*! 


-i-i-i-r 

!ir: 


■ ' M -i , - 


4tt 

iii; 


; ; ; i 


ii 


iiii 


iiji 


iii 


r;ti 


1 ::. : 
|:.:;; ■ 


M Mi ■ 
'Mr" 




- , i : 


¥ 


■;:: 'i 1 '■ , 

:r: j ;-' 


ilii 

(-■ ; 






: i 1 


¥■! 


iiiiii: 

:'il : -: 




;i ii' ; ! 


il'i 
!!M 


t I-! 


iiii 


iiii jn j 


!;:-! 1 r{-| 


iii! 

1 1 ■ • 1 


|1 j i 


i.j-i.i 




-Ti 


;! 'i 






;-.-!i 


i : i-i 


Iiii 


Isii! | 


1: iii; 


Iiii iiT 


iiii 


iiT "] 1 Ti 


IiT 


' iiiTiiii 


ITIm-I 




, , . . 

1 ; ' M | 

1 j ' ) 


;¥ 

t ! 1 ! 


.In 
iiii 


ii 


Mi! M!-f 

! \'i ; 1 ¥ 


iii 1 ;>il 1 ' ! i t i 

ill! Mil iiii i 


M "ii 

Iiii 


rri ' 


Mj; 


i'lii 


: !•' ■ 




i ii-- 


. ! 


! .li-j 


1 


-1 


Iii 1 
V H- 


Iiii . .'. 

I'M i- 


ii iii: 
Jii'-' 


. . . j. j..i.. 


r' *;■ ' 


-jiil-Ti 




l-i :: 


' ' ']' 

li 


iiiii .i 


; 


ii! 1 


Ml! 

J J || 


M:i 


11! 


i 'i' : : ;:i 


jiii 


i-i [ij 


ilii 


M; 


ill 
iii] 


\ ■■■'■' 




ii'i 


: 'i 


iiii -iij 


ilii 


11! : 

■iM 


[-1-1 r 

14! 

i'll 


MM h 

!i!i !■ 


4! 1; , ■ 
il I-i' 


M - i : 1I-1 
■ -1 ■ , 


iiii- :,-!^'; 


^1- 


' 1 i - 

:Hr.: 


! s 


! : 


! : : !l! 


l¥ 
Mi; 




1 . ; ■ 


i-¥ 1 


UM M-: 

Ml" Mi; 
1 1 ) 1 ; [ < < 


Hi- 


M -ii J- 1 

i • 1 1 1 1 


■■II 


;.; : 


; "i i I 


' i J . '. 


' -i 1 - 
;|:iii::i 


ii- 
ii:: 




■ 1 


: 1 ; i 


! 


i'i'i : 


!-|l 


iiii i 


jiii: 






: i '.! -;4" 

' • 1 ■ 1 ■ ■ 


44 ,.cf iii -4 4 j 4:!::,: 


a-i : 




j j ; 1 


ii! 


; 1 


TUT 7:. 1 
II 1 il 
Iiii MM 


iiii i 


li !j 

ii "II 


; ]l!i.!ii 


iiii 


. i"; ' 


-■:: iii, 


■jii 


::;■' 


, ■ . 


! ' ' i. 


iiT 


iii 

ii. 


1 1 


iii 


' ! f 


i ; 


: : 


Mil 




lli|:"!|'-i'il|¥iii.! 





$mO 



20 X 20 TO THE INCH 46 1240 

7 X lO INCHtS Mum in U i.A. 

KEUFFEL ft ESSER CO. 



/./' 





! i 


: f ; ; 


!!';' 
1 i ! j 

-l-U~- 

. i i 

! ! I'j 


' "i ' 
i 1 1 


1 i.r 

if 


nn It 
nTFTrtt 
;-!T[ n-i 


?TT]TFr 

bii'i! 


!|il l-.ll 

MM i [\ 


.1 i 11 


!l![ !i 
; ii i 


T"HT 

Hii 


III 


1 l! 

- 1 i 


I! 


lii 

M-! 


MIIIM 

im'i: i-i 


1 I 


HI! 


iiii 


TTTT 
Mi 


IIU 

MM 


TTTJ 


!'M 

'Mii 
---- H 

MM 


rnT 

! ■ i ■ 


Lit! 


Ml 

ii' !l 


|MMM I-j 

•rijiH:' 


|.|l ; i||!;ipMMIiP 


Mil 


M-i j 








iiM 


1SL 


MM- ! ■ !- 
liiiiil 


'■I- [14 

- !- I i-MI 

■-. r.-i | 


il-ri - + 


L- Ml 

jl Vi 


j-i-i-i- 


i'l; 


I-i i 


i'M! 

■ i i i 


MM 


Ili- 






;-iT; 


1 !■' ; 


ri 


':i 


Mi. 

, i , i 


iji-i 

i M ' 


..;.:'!: i 


mi iiiiil ■■m 

■ -i In ■'. I • ! i 


i.i ! 








.: M : . 

j : 

:il 


.;.._.! 


iiii 


, i-( 1 
1 1! i 

TTj7 
iill 


ii! 


in i-ii 


t]t 


% f j: 


rrr^r 


-Mi Ii 


i :.:V 


iw 


4j 


^ 


MM 


^t* 


l-.V 

i i I 

Iiii 


1 i 
i-l M 


ar!,n 


MM"- 


ili 


'-' ' ! 
' r; 


iii 
I4M 


i'M : 


ilMJ'JM ji-M'l- 


i - : \- 


i-j-H- 






Hi! 


111 -'1 


itTiTii; 

U- ! Ii!- 


"n tr Tit 

1 • 1 1 ii 


{!!! i.ii!| ; i! : i{ 

!> i : ■ ■ ■ - 1- 




iiiiiiil 7 


c 


K>p 


ill 


. i | ' 


jii.iiilf 


rl-'i 


i r M 


, 1 ; 


lii! 


II I J 
i:|i 


1 M ' 


' 1 M 1 ; 1 : : 

;.m. M.p 


lii- 

j-ii-r 


, 1 :.j 






i-i ■ i 




Ii: 




t ' ■ j : ■ ' 








Mr-.: 


; M t 

' j j ; 


• : i i 


ill 


ij-h ii 


Ml! i,M 
Iiii iiii 


iiii tit 


|Fli Mifili l|- 
h»i n-r-i -i-'i ■ -1- 


I'l "ij! 


1 ;■!■ 


' i 4 


iiii' i ; i( 


>! 


I i'M 


M i i ' i i i 


iiii 


iiii 


' ! M 

i'l I 


1 1 ■ . 


mm! ! m1 

-.j '. ! M *■ i-i 


Ml 


j;M '_ 


■ ■ ' ! 


M-I I 

-:---r-r 


i ■! i..; 
Klii 


Ii 1 : 


Mi 


■- ' I 


! M .'• 


1 ■ j-* 








'Til 

n : i 


lilr 


ill! Ml 


iiii !ri.f 


ill 1 1 rr! r 


MM^ 


"Hi ' : 


liilH 

!,i '!.'i i 


!'! ; ■ 


fiiii 


i-i M 


i i ii 






II.; 


i "i i 


: M J M-M ' 


* 


MMT"! ^ 


MM 
i-| ,-i 


p.'.i ... :., 1 1.; 
LlTil'il'i ■: i 


m 




iiiiii 




'i)S 


r*=» 


' * t ' 


7TTT 

l ? -t * 

• < i i 

. Mi 


Mi 

MM 


1 ;'.]• 

1TTT 


■ ii! 
|.i|i Hi 
iiii ii'iii- 


li.ii ij:ii 


liii;|3.!i. 


liTTiiM" 


M i : i- 
liit i| 


MI -MM 
f fc; : 


; | '-j 


lM ! 


"ITH 

iij ! T 

.; 1 1 1. 


i :■■ ■ 

TTm" 


MM 


! 1 M 


. i i-j- 


MM 

1- t ; 


ri 1 1- 


Hii 

■rr-r 


ij.i-i 

iii, 

TTTT 


iirr; 


i ; M i ■ ' M 

.^^^^^"^r''r■r-^^^ 


TT1 

-i t-v 

4 7f 


m-r:^MMivMsM 

4- - ■■■ j ■ ■ ■ | r-i ■■■ • -- 1 -j-j ,- | ,-- 1 ■ i-r|-' Mr! 


1 i-i 

mix: 


^-0 


- 


..1 


iiJL 

' ! I ■ 
! | * j 


iili 


ill ; 
ill! 


1 . i 


iiMM 
Hi: : i m i 


-i-MI Ml! 
. ,., i .... 


'.:'.". i ri i 
iiii i ! 1 i 


i"li I MM 

MM ;Mi 
-iiii ! ; ii 


: ! :.: p 

;!: ii 

■ i ■ i i 


iiii 


S T1 
Mil 


iiii 


illl 
i 1 1 ! 

•"■-! 1 I 


iifi 


Ml' 

MM 


iiii 


MM 

iiii 

-fi~H" 

Iiii 


M ; > 

iiii 

it-:; 
MM' 


i|H 
• ii 

'1! 


i 

iiii 


i-t ■'-; 

I 

Mi- 
ll:! 
t i t ■ 


'-' M' 


, iiMM 

. , , i • : 


l-i-M" 
!i,'i 


Ml . i . ■ M 

\' : '' [ . : iii 


-u-w- 


~T-t-^-^P>| 


"■""M- 


:,-.->. 






111! 

■ t T ( 


hi] 


l!i! 


Hiti-H 


iiri in 
.ii- • . • , 


ill- !|n 


Hii irfi 


I. j-i TT 
ji-t: M 


ii iiii 


MM 


;:.! 


■■'K 
Mm 


IT. ■_: 


. M ■ l ' '"! ! 


! l.l | 
I-i 1 . 
1 1 ' i 


liiiiiii|iii : 


i - : . 

MM 






t: T : 


Ht: 


III! 

MM 


}>'<'< 


M: 


mm 


Tir'MT 


iiii iiii- 


t ri - ' ■ ' 

MM MM 




;: iiii 


' - ; I 


■ill 




'^ ; 


iiii 


i M 1 


iiii 


i'l' 


Mil 

lh i 


: M 


mmLm; 

1 i 1 


1 M-I 


I'M 


I|M 

M PiM 


MMiMlM: 


■ 








1 1 ! f 

1 1 ' ' 


■•(■ ; ■ 
'it. 


• l-M 


u,<\M 


ft! MM I::! W 


ITT] . M : 
lit! iiii 


ill! r| 


i . m;-, 


M!.' 


i'l!"!"! 


11 : .i 


:" 1 


f Mi:::' 


liiir 


iifi- 


MM 


'i-i- 


' 1-, ! 


••:TM + 

i'ii '!:!'! T 


111 


M^ : M i'iM 

-mm. i':M|M.i-l 


■ I"! 1 


i . • i'iiii 


1 






t 




tHv 


liMpM 


ii: 1 

M ; I 


■|ii;;ifii 


■jjij ;i: Mi . i-fi 


Will! 


ii 1 ! ii 


if-jlfi 


■r{\ ; 


Iiii 


Hl-li : -i : 

F|:il!!; = 


iirr 


M i ■'■ 


iii 

J ■ M 


iiii 


-i-lt. 
i 11 ' 


rili 


]-}'\-\ 


! i: : 


■ rt • 


rl'i 
-;;l ;-| 


f 


m: ;:-:i|-^ 


-!-'-|- 

Ii! : 


iii'li, ;];!:• 


Mil' 








, i: 


iTi i 


1 i ' ! 


iM 


-rrr frn . 
MM-til 


[!;! ii-illHii mi 

Si 1 1 ifijIMl IT Li 


till 


rr-r tt 

MM M 


it-rlil 

IT IT-M 




, .-: i 


I I-i 


it:-' 
Ml; 


: ii 


ii : i 

iii 


rp; 

MM 


'Mi 


iii 


hii 


-i-Mi- 


MM iii 
,mm:mm 


,!M- 
lili 




■iiii 


1 iir 


1 ! M - 
TIT T 










fili 


1 ! I 1 

; ' ! 4 


:|:l 


[i|i 


■Hi 

MM 


iiii M-i" 


a ii" iiii iiii 


Hi Mji 


-: i-i j" Tj 


Jltii! 

rr ini 


!-i;i 


'.'!'! 


I; * ; 
1 1 :ii 


i : r 


M 1 


Li i "',' 


LMI 


1 ' ■" I 

.: : :.: 


::.::( 
; . ' 




1 ' ' 

■MM 


Miiiii^ifl 


ijL 
+14 1 




;. i 


Ir- 


H-TFf 


iiii' 1 


ii | •" p 


:"! ii 


ii - 




TTT 


! "1 1 ; 


iiii 


iri! Mi 
ilt: mi- 


iMij !;-! : 


.;,;. . L|.u. 

!■! -T fli-Fl: 


tf!¥ 




ri ill] 
V IIM 


i: i .: : ; 


;■' ; 1 


ni-r 

: 'if 


!■■]■#• 


i! 


: j- T 


i :ii 

Mi 


iiiilHij 


Hi! 

Ml! 


iiii 


M" ii: ' 

ir. ■ 1 -.• : . 


:-;tf 
: M-i 


M' 

; .-| 


4TI-: i-i i 1 
liiHlifl 


1 c' J - 

m 


flf 


M : 1 


:'il| 


, ... t 
l-M ! 


i : 1 






: 




: ' l i 
Iiii 

• t i : 


iin 

in: 


! 1 • 1 

j 1 ] ; 

-t-H-r 

pi' 


ni ii ii 

l MP ■ 

i] ! !: Ii 


in! nii 
llliili! 


1 ni Mil 
Mil MM 


l-l i il 


iiii i'l 


rT T "i" 

ii lii: 


i ! i ; 


iiii 


H!i 


-IiM 
i i '■! 




! i 


"Hii M j-i - 


' I i ' 


-, 1 1 
! I'-| 1 

fjfr 


i]ilM ; ' 

TUT TTM 

l!!i|! ! M 


:.-' 


■Mil 

• ■■■vi 


:p:| 


jii 


ii" 


u 


T-«-i""i" 


!fj 


M 


r^ 


, i-i 1 






MT] "TTTT 
Ml! I-MI 


ill! iiii 


'M i 1 '" 

i ri ; ]■' 


:| -Mil 
[j ijj! 


iiii 


■Hi 


III! 

| -: i-i 


iiii 


1 i ■ I'l ! 1 


ttrr 


Hi- 




...i-).,- 


Ii' 


ii ! i 


PIT 

Mi! 


ii 


iiii" 

MM !■ : 


I-' : ' 


MM 










v:i 

-4-1 ' 


mm 


iii; 


1 mI 


iiii 


j!T:: jr.: \\ 


■!M Mil 
Ml MM 


T i i 1 Ii 4 1 


1 1"! : iiii 

i : ; : : [.;.; 


iji 1 r 


,..,. j | .p 


','. Il; 


; i< 


'iiii 


1 . 


ill! mm"! 


Lii! 




iiii 


; 1 i : 


i-i :■;• 

Mi 


: t ■ 

i '-' ; 


:-- : !i-r;i- 

i M- '-;■ 


P 


Iiii 


mi; 


-flMt-i 


::M; 
i-i : 


MMIJM: MP 

T I." ! . ■ ■ j M 


: :. ; 4- 


!:,'- 






% i;ii 


I i ! I 


ill! 


!-!■! ! 


M ; 'ii 

;j : ;l :-f|; 


1' if 


iMifrii 


ill! MM 
IMi MM 




: i . ; I- 
i:-!.i!; 


- i ; 1 


■itt 


iiii 


iiii 


i M 


i:M 


ili 


MMiMM 
M'Ml!-i|: 


t ; -i i 

! : !.; 


Ml. I-. 


-pi i 

iTM 


iii 


-1:1 




i : Mi'i : i Miiii 


. M T| 






1 


;!jj 


i i j-i 

44X1 


iiM 

ir .; 


M> 


ci '. :i 1 i 1 


l- -1" ( : iij 


m llti 


7[jT|ji! 


;:i : ! 


;. Hi 




:; 1 • 

j ; i ; 


iiii 


'•■ ■■ \\ 


Mi. 

1 • i 


■Ml 


l:.ii|!:i-!i 


,.■■1,1.1 
i-Mi|M-M 


11 > ' 




1 . . i T . -t- 

mm; i-i 


i'U 

iiM 


i M : IM , , 

piiiiMi 


-I '-!-! 


MMP- 


1 ■■ 

i . : . 


i ;ii ' 

':...: 


M-lLM 








ill! 


}l- i 

' ' ! 


Mil 

n-i 


H..M; .i-j;.; 

MM! 


.;. i-j . : , j 
! : i : i ; M"l 


ili: ill 


Tit! M.|| 
ill! :-:m 


iti-i i 

!"i!TT 


ii mm 
r! n:i 


Iiii 


!"'.! ! 


iiii 


ill 


.Ti.ivrj:; 

mm!mm 


ilil-MM 
MMllM: 


i J j J 


ili 


,-7~i t 

ili 


H • ' 


■"Mill 

■ , ; 1 j !■ i i- 


III 


iiii 




1 P:i 


■■j-i MP: 

M"|iM 




i-l' 








■ ; j ; 


MM 
mm 

Mi 


fl 




M 


!l-t hi 
ILL Ml 


W- 


:;: illl 

i- . ■ , ,-. t- t 

.... , , .., 


l-M i r '•• i :■;-:■: ' 

!';: i : i : ! ! : r 


!: lii 
ii iiii 


i— 




Mil 
iiri 

'Mi 


iiii 


M.JMM 

l- : -i-j-ji 

I -ii '1 
,;.|' 


iiil|i!i : 
MMTjr 

M M M 


■ ! ; ; 


Tjjt 


III! 






i-ii, 

-■ : '4 


Lii ; 

M-li 


iii' 




' ; i j 


lii! ' m iiii 
' i " 




iii 






1 1 1 i 

ill! 


!M 
1 1 1 

;ii 


!iji 
i||i 


ill l-l 
in ii! 


T ^ilii 


;';. ■ ,-.f«: 
ii;; rili 


iiii iiii 




i I ' J ' 




1 ■ . ■ t 
: 1 ; 
Mj| 


■■'■' 


' i ' : 


TI j 

■; imm 

' 1 








\\ 


i i-i j 


■ i it 

! 1 ' ) 
Ml] 


MP 


Hi jiH 


rfiRi 


pi ii 


41 iiii 


iiii ] 

1 1 ■ -M i 


!i- I'M 
1 1 MM 


iiii 


Ml! 


ii 




!:;.: 


', '. ' i 1 


; i . ■ 


' ■ |"! 


mi 


:|:M 


1 "'! Mi 

MM MM; 

i iiijij 


Mi 
iiii 


: 1 . 


• ■ 1 M 

' ; 1 ■ ; 

iiilii; 

- ■ ■ 1 ' I ! 

■ I 


! t ;i|lM i : 


i : 


, , ■ :l: .' 

['MM 






ii 


iVi 


1 1 ! ! 


!M 


ill! 


l-l I Mr] 
Mil MM 


Ml MM 

111 MM 

I'll MM 


ill! lii 


lirfiFiiir 


TfTITT 
i! iiii 


If 


I-I-I- 
i||i 


iiii 


Iiii 


|l ; : 


iiii 


;M If 


H I'l j I ! 1 1 


j.ii'if 




.. il:-: 


1 . 


iff 






M 


< ' ! 

mm 


I'm 


■ i i ' 
; ; j ; 


M? MM 

ill: 111! 


1 t ' ; I ! ! ! 

MM MM 


ill"! I'll 

MM MM 


r Mi iliilili'i I". 


I lii: 
-1 1 1 1 


'■ 'if 




Mjl 


'ill 


• 'Ml 


iiii! m: 

i ; i . i ■ i : 

Mill 

i ■ : ! ' i ' 


:!i i!iii ! 


■ ;.] i 


! ! 1 MM M| 1 : - 1 


iii 


is 




1 ' : 
-M-^- 
i ■ ! ' 


' ' i ' 




1 m|:m 

1 ' 1 ' P M ' 

IMH 


h*|:i 

il'i 

■ ■ ■ i 1 - 






Ml. 


M';. IiM 


TIT" : '1 

MM ';!! 


l;ii ! i i-| 


ijil :;!:!.;'!;' ! 


\: i • • ■ 


. i . I 


' r' * 


-TTT 


iiii 


Miiii.M 


iii'jiii! 


' M 


ii : ||ii.;iii.i-l 


iil-fjiiii 


MM 


; | 












X j 































































O/' 



o 



LjJ 
Q 



CD 




| i i i i i i i i i j i i i i i i i i i | i i i i i i II i I i i i I i I I I I i , , i i ; i i i I i : i t i i i i i I i i i i i i i 1 I j I i I I |"'i I I I j i II i i I i I 
0.10 0.20 0.30 0.40 0.50 0.B0 0.70 0.80 0.90 1.012" 

FREQUENCY CMHZ) 



k- 1 




1 1 1 ) i i i i 1 1 1 1 1 j n n 1 1 i rr j'i 1 1 'i i 1 1 1 1 : ; 1 1 ; 1 1 i i ; i 1 1 j 1 1 i i j 1 1 I ii rii it 1 1 1 n 1 1 1 1 1 
0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 



1.00 



FREQUENCY CMHZ) 




' ' ' ' ' ' ' ' » j ' ' ' ' ' ' ' ' ' j ' ' ' ' ' ' ' ' ' j I I I I I I I i ! j I I I < I I I I I , 'l I ) i I I I i I j I i I I M I I i I I i I II I I N t. I I I I I ) I ' I j I I I i I 1 I i I 

0-00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 



1.03 



FREQUENCY (MHZ) 




' ' ' ' ' ' ' ' ' j ■ ' ' ' I i i m j m I I 1 I I i I j I' I' I I I I I M j I i I I i I I I i I i , I I i I I j I j j { I I I I I i i j i i i i i i , i i I i i i i j i i ! ! i i i , ! , i ! i 
33 0-10 0.20 0.30 0.40 0. : 50 0.80 0.70 0.80 0.90 1.00' 

FREQUENCY [MHZ). 



o 

X 

LU 

Q 
ID 



CD 




Sfl 850 FREQUENCY RE$P8N££J)F AMPLIFIER 
AND LOWPASS FILTER (CASE -2) 

R - 1200 OHMS 

CI (D.C. BLOCKING CRP) = .227 UFC 
C2 [LOW PASS CAP) = 320 PF 



i ! : i i — i — i — r 



' ' i i > i — i — i — 1 — i — r - t — r - : — l — i — r 



- Si 



' I I I I 1 i I 1 I 1 ] — I — 1 — I — i — ] — i — i — i — i — f— ej 
100 200 300 



100 



500 



FREQUENCY CKHZJ 



o 

LU 
Q 



CD 
CE 




CO 
LU 
LU 

or 

CD 

LU 

O 



LU 
CO 

en 

m 

Q_ 



FREQUENCY CMHZ) 







LjU 

q 



CD 
CE 




j ' ' i i i i ■ 1 1 j . i i u i i 1 1 j i i i -i i 1 1 n j ■' i i i i ; i i i j i , n i i ■ ri . "v i i i i i i i i 1 1 i i i i ■) i i j i i i i i 1 1 1 i 1 1 ' i i i i i i i i 1 1 1 1 i i i i i ; 
0-00 0-12 0.20 0.30 0.10 0.50 0.60 0.70 0.80 0.90 



1.03 



FREQUENCY (MHZ) 




"' * ■''' ''* I ■'''■''''{' m i i t i i i j i i i i i i ) i i j 1 ; i ) i i i i i i i i i u t i i i i i i i i i ii i i i I i i r 
0-00 0.10 0.20 0.30 0.q0 0.50 0.60 0.70 

FREQUENCY (MHZ) 



]"< i'l i I l I I I I I i i i i ; i l 



0.B0 



0.90 



l.ZZ 



*o 




0.80 



0.90 



1.00 



FREQUENCY (MHZ) 



to 

to 



o 



LU 
Q 



CD 
CE 




i M i i i i i i | i i i m i i i i | i i i i i i i i i j > i i i i i i m j i i i I I i • I I ,'M il'l i'l I I I I i M i i I 1 i j M I N i i I I j I I I I I II II I ! 
0.00 0.10 0.20 0.30 0.10 0.50 0.60 0.70 0.B0 0.90 



FREQUENCY CMHZ) 






K«- 20 X 20 TO THE INCH 46 1 240 
*<£ / X IO INCHES 



R 



MAUL IN U. S. 



KEUFFtL ft E5SER CO. 



LP. 




Hf «£ 20 X 20 TO THE INCH 46 1 240 
\{tjrn 7 X IO INCHL.S MAUL IJ» U.S.A. 

KEUKFEL ft ESSER CO. 





































L 


^. 












































j-jl 1 


MM 

lil-i 


111! H 
ill! If 


ii m 

;i t-ii-v 


i ! l: ii 

M 1 1 -J; 


THjynr 


n;i : |i 

1 I - 1 ■ •-! 

Mil 1 l-l 


JTTTTTT 


|41! -4 
iii-i -t 


■:-|T 


i 


l!M|l-HI 
iiillfi-i- 


1 m 
iiii- 


!i| 

■' M 


'•'"l"|]"|M|i 


MM 


THT 


jjj-l- 
I I-i i 
' 1 1 ' 


iljii 
1 - * 


ifTiyr 




j: +! 


f 


jS 


lll-MM-M 

. '-, !-. 


"iiliii 1 ; 1 


iiii 


i-tj;t 






!M : 


:i ii ii 


!! iii! 


il; 4- 


I Hi! 


II! ii 


]:! : m f. -M 


; ■ i-i- i-l 

I'i! lif 


J Ilii. 


iii-Hii:! 


irTT 

Mi, 


!|'i 




Iii 1 


i-fi-i 


'i|l 


1 -ii 1 
1- -n . 

■| t! r 


1W 

m !!;■; 


■:M 


1 1 ' ; 


! It j 


i-i , ! 


•I-i U 


.-'fl 


■ r ' i ■■ 


'"M . 


'"•'■' 1 . ■ 






Mm 

;.: ! 1 


Mi 


ill! !.. 


ii i |i 


ffl{ jl: 


ii'in 


kJ-L-l itfi 


- -j-i ; 1 h 

rl hi' 


iiii 1 


-i I'-: ; 
1 Iiii 

I M4- 




tr> 


th 


^i 


^h! ! | 


;mm 


\ 


/■ : Iiii*' 1 MM 


. . 1 


ri ii 




. I ■ -. , : 

' ' 1 M i ' ' 


;"!;■('; r i-i 

1 M M . ■; 








Hilt 


II Hi 


r.::j iff. 
1 1 | |- - - 


Willi 


; ; j .1 1. 
■Ml i -1 

■■!■:; 1 |i 


.ill j-:li 


MM? 




iiii|MTi 




T 


<m 


w*mv 


Im: ■ 


•i;i 


ilif 


iii.i 


rrfr 

iM! 


Mi 


TpF 

1-i < :■- 
* . ) I" 


..-; - . -Ml.:' 
.p. . 1 :. . , .,, 

•r- |. ; M 


- 1 ■ ' 






; 


,\l ; 


•4!i 


iiijll 

!■! Tl-T|- 


I -1 1 : 


i-fi ii 

-n r " 1 1 


MM Mil 


'i; j ].: ; 

iii i-h-i 


il; |i 
1-iM |i 


'1 ill 




... 1 

: ! : ' 


i Mi 


iiWVi:!;! 


rij'' :!i ' 


;;;, 


Ijii M 


| : i ! ' 


il iUii! 


MM 

1 1 1-1 

iiii 


"i'i"!'; 
ill; 


r r !"i 


■M- 

M;; 


1 

i 


A 


4 


ii M.MM'iM 


. ! ' 








1 1 M 


i;!\ 


iii! ii 

4i ! 


H ii 1 

!'■ ll 1 


i Ii ill 


: ■■ ■ ; m i 

I ! i 1 


Hi! ilii 


-MiTfi 

Ml ;M 


M- ; 

1 jl 


i- MM 

h iii 


Iii; 


! i ' ■ 

l!;i 


Iiii 


i»^ 


^m 


Pi, 

*; i'f 1 


ii 


' ' i 1 


ilii]'! 


M :M; 


m:|mM 


rrft 
M|l 


iii 1 


Hi 


1 1- 

i- i-j 


1 : 




4kiii : 


. 44 i 








i" 1 ! ■ 


1 j ! i 


\;M i 

w 1 


"l i!!! 


I'll !-![■: 

: l 1 I ! 
1 • ' 1 rl 1 t 


■H-- -i!-i 


il iiii 

M ■ l-'-i f 


!lil lit 


i-jii ii 
1 ■!■!-! ri 


! ; j 


! 1 ' ! 


Iiii 


i.j . 


Iiii 


! \ ■ i ' '■■ i 

■ ! ; 1 i 1 t i 


iii; 


ii 


' ' 1 ! 

4-. -44- 

■■ii 


!!|i i 


jl MM 


,!.;.l!:.;ii 


ilii 

1 - 11 


i i ' ■ 


: M : 


iM: 

■ -j j 


M- 


1 

j 
1- 


-i.i |!!-ilii!i 


i 1 M 

.1.1 i ' 




-f- 




i!iH(i 


.1 !:!i! 


m IS 


'■-". : .\ W'r 


M '•'■' 


Mi Ml 


iii !^ 


f M 


iirl 

i: 1.1-1 


Mi 1 


ij;]| 


li:fT 
; |ii 


M'MiM;: 


! ; rl 


'ill 

! i i 


iiliii 


S i li'"!"! 


'. ' j - ; ' 1 '] 


1 ' j ! 


J i-M! 


-ii-ii 


iii .' 


ii :, !M MM-M 

-M 1 M m- ; j 1 i-: ; 


il-ii 


:M : 






1* i ' '. 


4-j-H- 

1!!! 


iii] In 


V MM 


iti iii 


-1 ; . . I , . 


;!:, iiii 
i Ml MM 


■ t ; 1 : ' > ' 

; 1 ' • i 1 


Iiii 1 1 


iiiil 


; 1- ; 


i'i i'i 


]M-i 
M|-| 


ilii 


W'uWlu 


iiii 


:!: 


' M 


Mil i 

iii 1 


Il ii. : 

t ; <■ i ■ 


: m|'.M 

' ' 1 I : 


iii: 


i'i; 


,1 


! '-' 


i-il, 

IM : : 
' i ; 


i ; 


i T i 


MM 


I j-li iii 






ii ffe 


"HiT TTT 


+1' ii 


nil til 
;:: ' iii| 


TT-n ii!-:" 1 

iii mi 


4; 14 T[ 


-I 'M' 
M i 1 1 i 


Iiii 


ii 


ii-it 


|i|M 


:! ■ . ;| , ,:.; 


ijii 


J.V]. ! 


; ; ; 1 


MM !■ 
1 p:\ 1 


IT : i ' ': 


1 1 ■ : » [ 

... iMii 


iii 


Ml ! ' 


■-;; l_r 


■ I ■■ 


Iiii ''.Mi 


i-Hi 


;,!'. 


iii, 

i i-i-f 




4 


M 


ill] 


ill! I'i 


ii iTS 


iK, | -!-! 


!■ ! fl 


i ;! l ii 

M ; 1 ; 1 ii 


ilii ii- 


iilj 


i IHI 


IiM 


- 


r.Hi 


iiiil 


MM 






;.i ; ! 


MM 


-( r-fr : 
Up (I 


i ! ' ' ! 

jl M.l 


', ' ' '! 


::; 


Ilif 


44'-' i 
1 1-1 ■ 


MiHii 


4 i 




i-l!! 

1 


• ■ 


M-Li- 

! ji ; 




—^ 1. ; 1 ; 

1"! ' ! 


MM ! ! 

j t 1 ' H 


i i i 1 . j 


T^ifc 


ftilltiT 


III 1 '1(1 


|:fj jL; 


Iii ii 


i IiM 
I |i ! : 


iiii 


■1 ■ ! ■ 


till- 


ill 


..... 

j M ' 

' j ' 


iii 


ilii 


■:■, 
Mi! 


i'i-i I 

1 i ji «- 


mi;|m 
1 ; i m ; 


MM 


; i 4! 


i I • 


. :,-,M..,-i 
MiM'M- 


i"M| 


:;.. 


. 


1-'.. 


Ii ! 1 






1. ! ! ! 


i i i : 


■ 1 • ; • 1 

ilii ii 


il Sir] 


in: Mm 
mm 1 u 


^N. V; : : 1 1 i 

1 H* S5jvi : ; 1 ; il;. 


j ! . MM 

! 1 1 j . ■ 
I'M M . . 

Til ! M - ■ 


Mj- !7[ 


M MM 
14 4' 


MM 


; i ;_! 


-I i i 1 


Hi; 


il-ii 


! I J 


I M- i- 1 


ilii 


iiii H 


j.. ' ;.: : 


:■' 1 • 1 !■-' | 

4-1J-U-Z-. 


41 


* 


i : 




i iiiil: 

-jiTTiTr - "' — "" 


i 


■ ■ 


- 






Mil 




Mi! i! 
jlji : 


II IMi- 

F; lift 


-MM Mi-, 
il-ii 4[ 


ifiii 


ii 1 !^ 


].'".' 'j ■. m ; 


iifi r! 


ilMi] 

M MTI 


■ -, - ] 

ri 1 1 

1-1 n 


1 ■ I- 1 ! 

;■ 1 1 1 


i-i i , 


]-{-,■; 
!4M 


i • r 

1 M : 


1 :-[-)■ 


iiii' 


j"T-i~i' 




Hi-t-i- 

MM'-I-I- 


4li ; il 


T- 1 .4 ! MTF 

l:M|:-44 


i' : 


4- 


; '.M-i .(.' 




M- 


■ ' .' 




;T~ 


I'M 


iHil'l 


II Mi 


i-;;- ,-■-!- 

!.; f-::| 

• 1 1"! 


l-n ^r 

-i 1-1 1 . ■ . 


ilii i:i 


liM'Hs, 


M»Ui M 
lili^ 


lkMM[ 

if iiii 


!-'l"ii- 


,-t-i ; 


l-i-ii 

m 


ii' 


:.; .... .. , ; 


14: 


-iiM 


ii 


mT: -i- 


li : -r|l'.; 


iliiHiil 


4 -H-- 
- -|-t-f 

" Ti 


iiii I-i 


MiH.:: j: m- 


i .-' ! 


:... . . . j - . . 




rill !! 


II 1 l! 


V- j 1- nrr 


■if M-l! 

JjllHil 


Tnrif" 


l-i-il i-M-j 
fill It!:! 


;■!!": "H 


i-fi!'; 




* ! I J" 
: ; ' t 


"■I T I ' 


i Hi iii. 


W 


MM 
Ilii 


J..; : j. 

iii! 


'iii-i 


i|il'" ; -iW 


iii 


iiM j IiM -MM 


-MM- 


-_: 1 




ii-;: 


-..,:., 


- ; 1 






; 1 


iiii 


IHI i 


1! Ml'-! 
M IjP 


#jtfrrf 

Mil ■M|-j 


Wl-lii 


III! [1 


•iii i 1 !' 1 - 
i'.-i! Mil 


1 i-M IT 


fi-t, 
1! -i-ii : 


^ 


'i'i 


•■JT\ 


11 ! 1 


,:.;;|:.l:.i 

■Miil-MM 


I -ITi- 


"iir 


"7m" 




iii.. 

-j 1 : s • 

TTji^ 
14 i-M:! 

17 . r . 


iMlli 

i •-• -1 1 


ilii 


ii&M 


il 


ijy 


' !' ' 


' : i , 


' IT! 


!■; M- 










■ . 1 i 

■ • t 1 

''if" 


III f 1 


P iii 


l-liNiii 


MM Mil 
Mil ii-' 


IMi iii 




-j ii-i i-i 


n iiii 


: : ^ 


I ; m - 


i]i-- 


Mi-: 

Iiii 


iiii|-ii 


-[-[IT 
| I"! 1 

;ti: 




iii! 


iiii t- 


~T-[H 


j'-iTi 




r 




^frTJ- 




'!:'.T'i|i4:.r; 
•;TK!;: : ; 






111; 

rrJT 
l r ! 1 


I'I I-i 

■ i ; i 

TTT1 


Mil '! ' 
■TIT '" 

jrij j 


i! iiii 


•iii Iff! 


UTii 

ill Mil 


iliii 


i'^i! 7 


iii 


ilii 


'. ' I. 1 ' 


';'■ '■ -' 


IMI 


!i> 

MM 

iiii 


t , -Mi ■ 

7^ 


M 


-iiii- 


M il 


ii.]| 


Mjif 

MM i 


iii- 

i-i ■ . 

! 1 ' 


! ':j ! ii : 

■ : ' ,i ! i ; 


' j j ; 


j j. - • 

i : 

MM 


I ■ M 


■[-[■ 


M 1 ";. 


1 , • i 

M ' ' 




IT 


1 1 Ml i 1 1 






1.1 1 j !■![.[ 


TTFT TTIT 
Iiii Iiii 


!Mf .r : 
III! -t!-! 


^ - , 1 1 

1 * ■ 


t ! • '< 1 ' 


ii li.l 




, !!i 

ill! 


iii. 


mTI 

Mi: 

MM 


i.l, 

III' 


m ■ ■; 

I ! !:.'. 
' ■ ! 


li'il ! 


1 '-' r 


j ! 1 ■]■ 


Ml ; | 


MM 






MM 






ii 


Mil 

'11 ' 


!!!: ! 


'. ; ! ' ' ! 


Ill ilii 


Hi -Il 
i-ln ; 1 '!'! 


iii il"( 


Ii j •■:;: 
i'f-1 MM 


|(i-i "ii 


Ji .;;; 


ill; 




• ; 1 ; 


\~'. i . 


lii;|Mii 


ll'M 




' ' . ! 


1 Iii I" 


I-: ; . 


r MM M, 

...... M 


■!ii 1 

ii l-i 


.] 


1 


ii'iii 


Hm 


ri"i 


• . . : 
i i ' 


.. . ■ 1 


Iii; Iii-i' 








-ill 


;ilr 1 
:M: 4 


! ! I • ' ■ 


■ i i , l.f-j-f 

i;i ; 4! i 


-•if! iiM 

1 1 ! 1 Mr- 
. 1 ■ . Mm 


'iii! ft 


lit; Hi 


.(-,-: , .,..4- 


|p M H 


Iiii 


■ j : : 


j-M-i- 

iiii- 


' 1 : ■ 


ii! iiii 


M !. 1 




1 > N 


•iiri 1: 
N^i I" 


i- ::;• 


rM$ 


iii 


"i: 
1 


! 


I'--; 


-MM- 


; -, | ! 




. ." I ! 


i 1 ; •■ 


M'!|--M 






Iiii 


1 1 1 1 


jli'l !- 


rj iii- 


• ' ! ; Mi i 


1 IB! 


'il | i 


|ii| ;•:.!: 
]1T MM 


- 1 4 ! 1 i ! 


l-l lii ;: i 


i ■ - ; 


M i-i 
MM 


Mil 

M i . 

i|' 1 


T.i-i: 

i-ii-' 


iii iii; 


iirf 


t-l I 


'." ! ) 


!■:•■> 
niT t 


■i^li-i: 
-i : ->i 1 - 


MMM-Ml 

'ill !-H~r 

: ;.;:M-.|i 


!'T! " 

■■}"i' ! 


flii 


;-;.,.; 


•T 

. IM" 


1-' ; ' 


M 






1 ' i i 


!'M 






i ' ' ' 


M-|i 


lis! !■ 


i i ; i : 1 
! 1 III! 


ilii 


|IM M-M 

1 Mi !.|! 


:.! |.f •■ i 


4 rnf 

M MM 


iiii il 


Ii ilii 


;i ; ! 


III 


Iiii 


■|4 v ' 

i| . . I 


■ il ! 


ill! 


MM 


i i i ! 


'iii 1 


4-i- ; m*s 
i" ; ' ■■■', 


K^l-M! 


Iii 

1 ]-■ . 


M 


k\ 


MM 




. . , ... 


'[] 1 ; 


I'i'i'i 


: 14 : 






fill 


I I j , 


M ■ i i 

iii; i 


1 ■ i-il 

ii j!|! 


■ i ! . ii . ; 
iiii fill 


jljiii- 


Ii ;| ; 
ifll I t 


■ ri ! r i'i 1 

Ml Mm 
,ii; 4-44-1- 


Ijll i'i 


i-i 1-. 
i i ii 


1 ; 
1 


■ Il- 
ii i ■ 


MM 


MM 
; 1 1 .1 


ii 1 


;M : 


1 1 ■ 1 


:-i|| 


ill' 




iii' 1 


1 1 i-i ' ' 


:M|M! 


i_M_i 






-• 1 ■■ 


riiimhii 
i ■ ■ 1 


IT 1 " 


1 i I ■ 


! M 






iTiT 


1 it ■ 


!; } i 

MM l 


1 Mm 


:;!; frf! 

! ' ' '{If 


ili'i iiii 


fir 


nil mm 

l! 1 ' Mi 




! '. ' 


■ 1 Is 


Mi 1" 


j i-j I 


II' 


: M 


iii! 


1 i ! 


MM 

MM 


1 ! )"' 


T : Tt ' 


.!'! Mi 1 . : ■ : i : ' 1 ! 

liiiMhiiiM! 


I'I'm 






i -1 ! 


4T|ii|4 


'! !"i'l 


f*k 


ii 






•Ml 


■ i I • 


Ilii i 

:4-j4--M 
::'■] ' 


i 1 1 ; ; ■ 


i|M T]TT 


Ijlj ilfi 


\V IMi 
IiM l| :: 


IJM MM 


iiii il 


11 |iii 


' ; ; i 


MM 


I' 1 '! 

;ir; 


iiii 


1 


iiii 


"rill Iii 


Iiii 


Mi I 

iiii I 


-li :l = -! "iirf 


ill ■ 
"i' ; i 


.m : - 


. : i ' 14 I-i ! 
i.MM.'.i 


>S4m: 

■ -1 ,s ■ 




;.. -j--. 


"iK 


(mm 

'Ml 






J 


i 


"!::■! MM! 
IMI MM 


MM MM 

t : . - 1 ■ 
• ' 1 ! ' ' 1 1 


! Ml |i| 


Mi, MM- 


Iiii ji 


ii i'ii 


iiiil 






iiii 


i. ; '."ii 

t't i j 


Ili-liiiM- 


' ' j ' 


iiii i 


'iiiMilMiMli 


iii:.. Mj:; 


i '.!.'. J ld: : 


1 : :T]--^ir .47 

iiiil'-M^ 


44 1' 1 
"Km 


V i 
. m :! ■ |i 





(0; 



20 X ao TO THE INCH 46 1240 

10 incuts 

KtUFFEt. ft £SSER CO. 



IRi <£ 7 X IO IMCIItS »«l.t in u s • 



/ ' 



*'../ 







































-'- 


(' 


) 
























Mil 


u 1 1 


rnrj 






M 


!!'! 


ii-'- "i: 


: rft 


^ MM 


■; !l i' 1 : 

-4 :.!-. ill! !"l 


!ii[| 

• I--M 


vt; ft; If] 


!' !"'!'!" 


'I'i 


it; 




\M 


1 : ' 


III 

' ;_; 


i!i Tii ; H j- " 


ilii 

M 1 


TF 


■1;! 


l-l-l- - 
- 1 


'III 


^¥ It 


:4 


rt-l i f " i : " 
' ,i|. - p 

-—ft— ] r 


ft! 
IT " 


■v, f 
ft-*-- 








i ' ! 




i 1 1 

ii-T 


J I'll 


j-j j;'- : j- 

4 Hit 


■ r-S-Hii rri 

til !:!; Mi 


<- 1 • 

r rit 

i t-i i J- 


-I-M-- 

ii 1 


|; III 


! -1 li i 


ft 




.;■■' i 


'■ 






■ Ripsie,\ 




TiT! 
III 


1 i r' 


1 1 1 






_: — iX. 




ii l-ift 


i.-i- 1 
I" 1 r 


i i-i i- 
Hft 






;i! i 




ill 1 


1-f 


|i-|:^|: 


:| ii! ftp, 
! 4j ill It 


till 


m 


Ti % 


j ; i-'t 


! ! i 1 


i ir ! 


^ 


f ! ! 




:rp!d'p^-n 


IT 


' f: r 

1- i 


•*$*■$£•- 


.|4..' 
i ! : 


.;::: 


-if-;- 




4: i,;4.! i-i. 


l-p-f] 






!!lj 


!'i 


'M ; 


i : Li 


Mt 


t+ -M4+ - --t-i-4- 4- 

:] iW iii i| 


IT}! 


~W"~ 

I- ll 


IT ( | 


"j T:l 


1 ■ . I 

I ;■!■;■ 


IT 


i'i n i f i 


4|l|iT 


m't 


*p:jr 


ftTj T ft. 




i'ili 


■ ' 1 


...j.., 


T 


-■ : : - 

■■■■;■■! ■ 


PiPTti: 


'"'.. .'lift 




■ 




!i|i 


rhfr- 


i it|l 

'i ftl 


iT IpMi 


Iwww 


TTTf 
Mij! 


•ill 


i-i : '-I- 


-i- i-i ; i 

:i :fii 


, , ; j 1 


iii! 


: '4-i 


!'.;; 


^ i.!'' ; '-'' 


4 


4144 


hi 


: i : ' 


!,'']''■' 


ft 1 1 
i i \l 


_!__ ,-i 


■'■j! T T 




P, 4p li.;!.; 


■i ft j 

fT-nft 






::: ! 


|-i-i- 

ilji 


!!! ! 


i III! 


it i ! ifi-i ii 


U ! 1 i! T4H if 


TTltT 


j'iii 




1 lip 


,-,-.. 


I'i 


P ; i i . i ; 


pp i . ; : 1 
i ; . . • 


;■;;[-;■ 


!- ! 4 


4. ! 


'ill 

: ' ; j 


I '"! ' 
jii. 


i ■ ' 


il'nl H ^ — -— '-- 


41 II 'ft'"! 


iili 


ilii 144 


Pi 


loS 


44 


III! 


Mill 


:; i-rr-r 

j I'll'!' 


M' TflTff 


fi !*!] iili ft 


! v 


i ; : - : j i'i -ft TT- 


•1 ill: 


! ' . ' 


••ii-. 




:' 


4 1 1 i 1 i 


ft i! 


■iii 


ifii! 


: if ' 

I'll 
... II 


E 


i'i : ' 


if : ■ : 


i 1 41 , 

xUij- 


i ■ • 


'iii!-!'! 44' |: 44 ! i 


eft 


1 ! ' ' 

111-.: 
-++4 


l±i!1 


ij|l 


Ttjl 


Mil! 


;•■ ll',!! 


li 1 ! f 1 li f 1 


& i'ti l«! If 


t "i'.m 
i : : 4 s 


i.liiLft ii 

: t |! | 1 ■« ■ li 


1 It; 


i!-:li 


ifli 

! • 


:!•;■!!. 4 




P.i 


Ilii 


ilii 


!Sr 


1-1 t 
liii 


in 
ft 




! 'iii'4 : T 




•ftftl™ 


^m 


mmr- 


'i'l'i 


i-i 


— - 


V:;]' 


I 

ft ! 


MM? 


I'] MM- 


iiiiMMI 


liSlftili 


I ill! 


i;m 


, f ... (■ , 


! I'lil 


nil 


j!' , 






ft 


44"! i' 


, i j-i 


i , j i 


if'-! 


tTTT" 
1 i 1 i 


1 ' 1 —T— 

: ; : : i ' : i . ; '• ; 

' ' -I-i- ' -i-, . rt 


tiT'411 "|4'4 

. ! i 1 . 1 .—!■■,' t 


i ft 


;!' ! i'H! 

— r— | r-f— rr- 


'ill 


ji.ri 

-1 — n-| 






Iii! -! 


U 4-14-j- 

ii m 


-rr-TT+i-Tt 

1 < ' ' 1 If ' ' 

ft! rr: I ;; 


iMil iii: li' 


I :.:': i 


iiiilii'T if 




■ i : 1 


i ; ; - 


! 1 1 1 


l.;. ; 


MM:: 




Mil 


: ' i . 


I P.!" 


1 ' ; ' j ■ li.iii 


:::■:■: h- " | : 

IIHft'ii.M '-;~ 


iii: 


1 i . . : I 

-r-i ' T 1 i i i 










liii 


iii"" 


*ij i i ft 

IS- 


'i! Ml 


T-ft+h-r-r- 

fii; ii.-i 1 
ft; i? "i 


ii iili rii' p 

fl |ii! fl;: If 


i in 1 

Ti ; !i 


i fi 1 


iili ff 


ii ilii 


' ■ 1 


!- ; ' 


i 1 l-l 
i if |i 


lip 


p.i: 


1 


j-jii 


;4l '.' 


i 1 ; 1 


■ iii 
1 i 1 1 


1 r " ; ", 




.-I'.; * '4", 4 




Hit- 


i'i 


1 i'i-i' 


i 1 : ' 
ft 


i'i I 


: 1 :-, 






iii 1 , 


1 ! ' • 

"i> 


HI tt 
111 :! 


^ -M-T- 


*i Ml [ 


+ I!- 1 ' mm Ir 


4 IT 


III! 


TTTi" T r 


i ! ■ ; ■ 
rv r : . 

M !-n: 


Iii- 1 


V • 


i-i-h 

;iii 


iii: 


'4 i i 


liii 


1 i ":• 

(lit 


;■■( I , 


4-!i 


lit' 


ft -. ; 


"!"[.; 1 

, 1 


fiiiifii 


litt'f 










jf .... 


in 4' 


i.'l'i ' 






i I ' ' 


-!■ 1~!-T 

MM 




i; iili 


Iii ! ! ft 


<M\W\ W 


■ i 1 '! 

! l-if! 




"!!'ti : . i 
p p 1 1 


II Ti 


' 1 t ' 

■] H 1 

! ;i I 


1 ■• 1 I 
1 ■ ! * 


i-i i'i 


ft i i 


.44 


"J; 


-, j . 


iHi 


;:.i ; 


ill' 


!!-; : 


i'i' 


iiftfti 


1 : ; i 




i-i < i 


14 J44 


■ ! i • 

1 l i ; 


ir!': 


! ' 






m HIT 

'' iM! 


fhrrtfr 
ii!ij>!U 


i liiifi^ii 
■ i i ii i ! i i i ir 


>llii' 




' 1 ' i- 

ii ■;■!■; 


jiip 


I ' ! ' 

rii-i 


f r i I 

.i.i ' 


i'-l'i ': 




: f l : 


14 '' ' 


iiii" 


iii- 1 


; ■i'l-i 


ft! 

j i '■ 1 


ill"! 


1 ! ■■". 


144 


III"! 


Mi 


1 -1 ' ■ 


.... 


;'! I 


|i,7 


i 


i ' i'i ! 


t H 

rl it 


'1,4 






fft 


ii'i 

■ ! • 1 


i . f • l' 

:i-;i i 


j; tin 

'ill 


rii; ; ■ ii ! 


"iiniiliit! 


['! liii 


1 l l 


, ft-ai : 


11 in 


: j ! ! 


;. ; i ; 




'! ! ! ; 


pi' 


144 


r'H-i 


iiii 


ilii 


1 1.1 


ii'i 


j t ft 


._ :+ 


liii 

I'M 


Mt-i 

•o-i-i 


! - 1 ■ 


' ! i 


\ !■!■ i- 


ii'i 


44 


i:f If! 11. 


: ! 1 ' 

ni.i 


,!'. 






TTTTTl 


4 Iii! 

:: Ml! 


TTTTTftr 
44 iili 1 


TT TT: 1 iTT! 


ft--rtt-t- 

i '■';< 
li ■■!!! 


rrrrrr;t T| 


ii ft 
p i p j- 


1 i 1 


ilii 


iliili'ii 


liii- 


■-•-•I 

ft r i 


:!! 1 


I-* 1 1 

: : ! 1 


I'll 


PlIP 




j-tj-l 

iiH 


MTiT 

"i ' .1": 


IIII 


! | 1 i 
. ', I-, 


Ml 


i-i-i 1 


-. i ' 




il-ii 


MM 


.:. 






- ^t-T 






1 ! 1 i ' i 


iii; ini.i 




:■! |iti 
i : Mil 


,i,i!l:;l P 


1! !!'! 


, . , , p . 1 


II H 




iii' 




! i : : 




M!i 
! ! i 

'! ! -! ; 


iiii 

TiTi 

lift 


fiiiifL 


44 


■ if i 


4-ft 




'Ml 


ii-!l 
ii'i 


iiii, 
'in 


l-li 


iii 


.■ii 


ft ; I 






Mj 


It!' ' 


Ii it!; 
i . , . , , 


IT i-iil i 




: ; . i-i ; 


^iftT 

: ' . ! p r t -r 


, i "i i -i 


; . . F 


i j : ';-| 


n 1 1 


TT 


TtT 


ft 


Flftifl; i'- r ' 


iiii 

I!, ft 


itll 


'1 , ■ 
414 1 


'■Hi 


;-] ! 1 


m 


..,, , 




!" 


i ; : ' : 






: ' ' 


44 

it 1 ! 

iili 


i'!!'; 


4 Hil 


!!h 11+ \ 


1! i'il|i:!i ; ! 


i.; -i i i i 


1 li : 


1 ; - 


i" 




ill! 


l.j ;"■ 


■p ; ' 


'iiiiJT'i 


if;:!:;:. 


1 ; ■;• 
ft-, . 

■ 1 ■■- 


iT 


ffti;i'i| 

I.'ITJ ! i" 


' j" 7 




Ir: 


: if -'Pi'-f-T 
i.;:|i.ft 


-l-H 1 

■ft-i 


--iiii:. : 

+14- 


T ftifttivl' 






i | : '- ~r 


T r "TTT 


iii 4-H if 


H iii-liiii-i f| 


i-i iili 


ii:; 


■ ■ i 
pp. ; 


TI 11 

• ■ i ■ ■ i ■ 




i ; i r 

I i'i I'i 


if. ! 


1;.' 
i-i. 


T'KST-i'i 


i ; f : ! : : 1 . 


44 


-i-t-' >. 

ii i 


IHi 
fili-i 


4ft !_* 


,.,.... | . 1 1 , 

; ; - 4 'ti- 






|ftlTit!'4H 


.11 *■ j:i . j; . . ;|i if iT 






i : ! ; 


ft! 

Hi 


i i ;] | 


41 ;!ii 


!i!!if!i| 


ii-; ;-;ij iii: f 


■ii T 


iili 


Iili i 


'1 i l-i !■'■ 


in! 


1 1 : 


iii: 


: irrl 


:: :: i4i-i 




ft ;-! 


i.i : 


ini 


fi-i: 
1 in ! 


Iii' 


ll! 1 !! 4 .! 


ftit i 
■l-t-f-r 

Ti+l 


.I-i ... ; 


i-i !-^ 
l-l-i-i- 


lift 


f?pM- 


HH 


iiij ii.; 






I'll 
■ 1 ■' 

1 'ii 


iTTT i 

44 ! 


if lit 


■yiHifi! 


j.;, . j-i i ;...|.! (-■ 


■j|. -liH 


if i 


IT - 


ii!; v: 


i ]"■ 


ft:! 


ll 1 




! : i-il 


!!•: 


!-! i ! 


! 1 1 i 


:-i ti 

; 'ft 


TT j ; i M ; = 

! i." 1 "! i 4'; 4: 


;;i;Ki 


■•-ft-' 

44! 


■-1-fff 


;f:.rt -;rr; 
nftW; 




-1 - ■ 1 ■ - . • 
'...p.p. 


ii 1 ; 


MTi'i 






; ; i J 


jlii 
ill! 


ill! I 


li ill 


ii;; hti"; 


.J. rlf' r-j 1 


i 1 ill 


ir' 


::.:! \- 


:ir ;;:. 


... |. ,i 

... |. , . . 


i | j'; 
i i ! ; 


1 I'i r 


1 

[ . I 


: : i-i 


ill: 


-':4Mi: 
. h -; _-p-U-f 


!! i i 


4i-4il j iiii'ii 


.§ 


i-i-i t 

p-l i 

. 1 ,.. 


Hi! 


m 


T| 




1 . P i 


; : ■ : 


■ ' ; ii 1 i 1 






"iTT 


--M-U 

"Hi 


IT 1 




Ti-jTTiii ; 


T Tl TT T 


.'! ill 


: 1 ■ • 


;;;-! t 




TT , n'TiT 


.1 1:1 


IT t ■ 


iiii 




r.: 


iflM 


11 -I 

if ii 


it 
' 1 - 


ftii:ft|ift 
-j -1 — - i f. 


iiii 


fi i i 

T-'i i-f 


ill 


!l!i 


' r ! ' 
' , "i 

'.'! I". 


i 1 . ' 


lilili-fl 


!H!ii ; i 






■ t 

, 1 ! 


i * i 


iiiri 


■i-i-l--— -T 

!li ft 
li! Ml 


Sii iii ; 


1 ; ' I ; •' i ' ' i ' 


Ti-~rr 


1 1 1 1 i i i i i 


!p 'ii 

lil ; i: 

HTi-r 

1 1 i i-i 




1 : 4 


1 ■ I 


' ! 


i'iili:! 
. ■ pp. 


t ■ i 


tIt 


-■'-. 


1 1 i i 


: 1 . 
i ii 

iii 


" T~<" 
i ii 

H : 


i.i; 


' i 1- 
l| i 


TI 


4 ; i 


..ti. 


■ ii : 

; ] ■ i 


;■ ;. T ! ft 


■. "M 1 
1 > ■ 


: 1 i|T ; : 

ii-Hift 

HN'II 1 

- Jl*> — - 








!l i i 


iii ill 

j 1 ' ' \ j 


- r ;■■•■■■;■■ -rrrr t 

iii' Hi!! 


! ! i , i i j i'i i V !■ 

jii : ; i| liM i 


i '■ 1 


I ■ r 

Hi 


I-,-! 

i;l 

i : i 


|4' 






iiii 


i :.: 


i . ! ' 


1 i 


i ::; l"i ftl:|i4 






1 : I 


i'jii i 

- -t"rft ~r 
: i : ' ' 

lt>! ■ 

HI! : 




=L:!!tf.i 


jTTjn-!:! 


i I : : • 


: i i 

' ;.f.i- 


Ini; 
1 i '. i : 


Hi IT!: 

1 i-l f i 


I rr 
iii 


iii 


iii 


;i j 


'II 


iii 


' l"i 


'14 


; ; . ; 


iii 


1 I-i! 


4! 


Ti 
1 ■ 
l-f. 


■Ml'! 

1 i-i i 


! ; : ' 


•4 


iii 


iMr" !..: 


' 1 !' 


^V ■-;; 

'-S. ' 






i I , ,-] i 


TTT-lTT-t 
Mil i-iTi 


iii Hlilili I 


-t| ;;: 
i-i -iii 


jii iii 


tTTTp- 

ili J!!4 


" ft 

;■!■!- 




I-i , 

i.'-l. 


: i-i 




; ii. 


! i-i 


ii ; 
.if .1- 


, ! 1 

U't'l 


i|i 
ii-. 


iiilii: 


. ■ - • 1 1 ' '- 


t-"!'' • 


i'i 


j: p| it 


IliT '! !4 : 


14 


Kit 






i" 







































































o 



f (T- 20 X 20 TO THE INCH 46 1240 

|*]g 7 X IO INCHES KA0EI1IU.SH. 

KEUFFEL a ESSER CO. 



^ Y / 




C/-J 



o<n 



.j ^ 20 X 20 TO THE INCH 46 I 240 

SV^iS 7 X IO INCHES auiinil.1.1. 

KEUFFEL a ESSER CO. 



pM 




C JL ^ 20 X 20 TO THE INCH 46 1240 
'"ttxm 7 X IO INCHtS »»I»t II. USA. 



KEUFFtL ft tSSEH CO. 



$A ^ r :i 




20 X 20 TO THE INCH 46 1 240 

7 X lO INCHES MADE "* U.S.A. 

KEUFFEL ft E5SER CO. 




7 o 



Kfg 20 X 20 TO THE INCH 46 1240 
e 7 X IO INCHES «»Otc»M s.». 

KEUFFEL & ESbEH CO. 



<■■ l (J 



; <k.ac 




10' 1-2 



20 X 20 TO THE INCH 46 1 240 

MAUI IN U . 5 . A . 



*^ 7 X IO INCHES 



KEUFFLL Hi E3SEH CO. 



/< 




ff £„ 7 X IO INCHfcS 



MACIL IN U S. A. 



KEUFFEL ft tSSER CO. 



' /.' 




(ir- 20 X 20 TO THE INCH 46 1 240 
**tLm 7 X IO INCMtS - ■ ' - 



IN U. S. A. 



KtUFFEL ft ESSER CO. 



I ! I I I I I I I I II I 'M ■ I I M I II : Y ' I 1 I I I 




took'-'"'?'- 



* j «- 20 X 20 TO THE INCH 46 1 240 

ITV^S 7X IO INCHES MAOt Ih U.4. \. 



KtUFFEU A eSSER CO. 



If' 
1 



-ft 



)odmx\ 




IQ" : 



20X20T0THE INCH 46 1 240 

7 X tO INCHES MAOL IN U. b- A. 

KEUFFEL a ESSER CO. 



jj A//V 




^ 20 X 20 TO THE INCH 46 1240 

*VL» 7 X IO INCIItS MAUL Itt U.i.ft. 

KEUFFKL A tSSEH CO. 





IIH 

1 : 1 | 


LI 1 ! i!!!'| 

til ; 1 ■ ■ 1- i ; i i 


!- 1 I 1- 1 l||! 


TTT^IT"" 

.iii -■• 


-TTTTTTFTTr- 

-• •-+- l-ll I -■ 


■^TTTTT 
MA 


m 


r'rn mm 


ill! 

'ii' 


"IF 

ill 

■ill 


TTTT 

III! 


FT' 


! H 


TfTTTT 

j—' U- 


Iii! 


!:!]! 


iiii 


1 ii ' 

rl: : 


M 


iliii.H! 


■':■<.] 

M"H 

M 1 , 1 


Hi! 


Hi!- 

it-; j 


Mr] 




f < < i 


iiffm 


1 . . ... ii. 
r illiui 


iii r : < 


IS--a&3 


-±-„ dlJ: 


I! 


51 


iij: 


;];.;]|i|T 


ii 




: '" 1 


| i I] 


Ml .jMi-j 


. J.j.. 


M| 1 1 


Mil 

fi:n 


i i-f-J 

Hi j 


'■'"Ti 


IM.i 111 ' l! 
ii'M.j'i iij 


■ ' 1 




iii 

II 




{in 

l 1 11 


iiiliiiif 


lit if Ti H 


m* 


TTf^lrf 


|^.l 




HH' 


il:: 




' ■ ■ ! 


■ -ii 


I ill 




Iii 


' , i ! ■ ' ■ 


T. : .;.".'. i '. 


.; !.. j 

H'liH 


■ i- . 


iii-; 


1" '; 1 


1 i IHiJ 


1 "! : ... 


iii: ::l 






tmmi ' 1 


' :.::.| 1 


\/ H 


M ' 




.ifrii 


wwm 


Hi! i-M 


rri i.i jiiiM-H.ii 


m 


' ■ ['! 




i;H 


y^J 


*iin_ 


: ,71 


Wji 


LL »-l ! f U : : | 


1-1:1 


Ml! 


iiii 


1 , 1 


ill 


ii'iTii 


■II ' 


1 : 




V,n ^ ■■•H 


r* 


i - , 1 




lii^^i 


l 




■ 1 r 1 i 


!'!": 'ii* , * + 


i '['■ 


in Ml: 


111 mm!.:, 




i A 


p^k\ - ¥ 


1 fi i M 


Hi' n 1 i 

irii It I r- 


ti^^TT>-:fi 

tl 1-11- ||t; i Mi 


U0 ] 


1 


■iii 




"■T ■ 


V 

i ! ; -i 


i i 1 1 


i'ii i 


iijlH: 


..[■:., 


H-ilHi 


^Tjii 


'■|»ii--Ji'-'-l;!l1 


I-i II ' i ; I 




]T{[ 

'■si 

li! 

! >-! i 




' • ■ 1 


: 'i"T 


ii'liii 


t: !i 




fill!. 


III ili'i 


1 ii r -j--i 1 
il.il il ! 


MT THT TTm ^TTT 

1 1 - 1 : 1 • 1 i : 

1 : 1 !'■ "ill ! I 1 : 




ijii 


1 i 




1: 


\'^\ 


! j 


|iii i 


iii H : 


. I . ; j 


ii |i : ' 


i : ! 1 ; ; ! ; 

. 1 1 M" 


ill 
'Hi 


"iii 
■ 1 






'M[ illl ■; ]X 


r^-y TTp -pr Tjyj- 


IIII t.l!:{ 


■II il in: Iiji 

Ii I ill ill! ill! 


Mil ,T 

1 M ' 


ill 


i i i 


I, : 


i i ' 1 

j ; 1 ; 


i l 1 i 

'ill 


iji; .ill 

ilHi'iH 


ijii 

TTTT 

! 1 1 


nil! 

HI 


ji'P 




11 H 


in 

HI 


1 1 ■ 

ii ; 

4-i-M- 


liiili 

, , ■ 1 I : i-. 

TTTJTrr 
:■ j:, i 


IT1 ' i i i r: H 
Mijj 1.1..J .,.,;; 


ii iiii; 




T ^fnTlf 


vii-l ! IT fill il 

\H ill! !l-l[ Iii! 


iiii tilflT 


Iiii 1 ! 1 !! W 


1 ! i ; iMi 
I • i i ■ ■ 


! '. i ! 


Hi! 


I'll 


111! 


.iii 

iii: 


:li 

: 1 : : 


i-i 1 
iiii 


ii 


,T] i 




ii!s 

-Hry 


i ; :MH! ijjliHl 


Hfttfji iii i i; i 


II i j 


Ij Hii Hii FT 


HI! liH 


iii! 


ill! 


Iiii 
11"; 
V !' 


Iiii 
j.j , j 


' |H 1 


TUT 


■ 1 : • 

■ i • ■ 

' ! ' 


i'ii 


i - 1 | | 


I ii: ; 


ii: ' 


* ! 


1 ■ , ; 


Hlj .i.jlri 


iiii ii ! 


ill i 




■ 1 1 r j j W Hi 1 - ;-i 

:!!!-!!i\l]!l 'il 


iTTKHiTji i|; 

Iiii h\ jl jl! 


■^■S 


r#TiTi1tit 

!l- rri ri 11! 


tt!i Sim 


ii! 


•PTT 

Hi! 


1 1 i l 
lil! 


! :ll 


Iij. J 


iiii 


lil! 


Hi 


Jii; -i 
iiji j 


ii-ii! : 


■ j ;- r i- 


■M ■■ 


^riiifr 


l:h 


1: 


■ : Mil 

ii.il 


1 :iTj 1 : • 




; ; * | 


iliijliljii! i; 


iii: M% ill! 


r !iil!ii! 


;.!• ill |:! • Ml.-jl 

m|: i.iTli:; ; iiii 


i 1 J '• 11 


r 1 ! 


i iii 


MM: i 


• ; i" ; 


:!i 


1 1 1 




ill! 

_Uiij 


iiii !' 
;i '■' 1 


-H'iiiii 


l:|.li 


- 1 1 ■ 

; | 


hi !:-l;-:i 

VV_iM_Ji 


w 


111 

; 1 i ' ' ■■ 




i ,:: 


''I 




ii 


'!•■ Ml I" Hi < < It- 
'll', illl ;;h; in; 


J!iW%il 


Ui! iTlr ;. 
:::; !|.:i ! 


:-|i :lM,-l r ; . !-M-i 

III Hiiliii iiii 


T i:' ;H' 


' ' i • 


Hii 


'iii 


M';i 




It! 


■\-\-t-, 


iii:! iiii i ; 


TiT^ : iiHiH 


-1 

ill! 




l : Mi'i "M. ,' 


i t j- . 


ii : iii: 


'iii! '■ I 




i j | ; 

■ 1 » ■ 

(it. 


till !l!j ilf j;i! 
... .1,1 i, i- ., 1 ,-, 
■ iii 1 1 • • , ii. 


Hi ll-lit-ii ;IV 

■in 1 1 i ! t ' 1 1 j ' ' , 


ill; Iiii . " 


iH ii!i:;i!i!'i;i 


■iii ,;ii 


i 'il 


-mili 

-11] i ::.: 


il 


iii-i 
■ , 1 ■ 
■ 1 ■ ■ 


ill! 
1; 


i i 1 1 

i i ; ' 


i in j| iji ; 

:M j: l! ! 


l-j iji iij'' ;::■:! 
|l .iii .■■■' :l; 


iii 


iiii 


1 j ■ . -1 




lil.j;! 




! Hi iii! Iiii ill 


iiii 1 -i il! ! ! i! 


iik III! "I 


L i ! 'i >'■■' i-i-ii 

] ( li' Hi! iiii 


i i Ml 1 i : 1 


iiii 

: ■ II 


lil 
ill! 


1 ' 

iiii 


;ji; 


1 1 1 1 

!-l!'l 


iiii 


i; ^ 


TTH 

t li 


Mill 1 


i i" 


!'':-'! iii 
:' 11 


-H-ii 

ii 


1 ' : 

It' ' 
III 


H "Ti^ 


"t" IT] 


■ 1 


, 




■i ; ■( 




iiii 
[jti 


!!!; I11LIH! Hit 


iii: iitl i -■[! :ij' iiii iVjii 

!;j: iij; Lit iM|l! ii\ 1 


■li j-fi| :]t-i iti-- 


+ -ii ;■;-,; 


■ i 1 ■ 

iii! 


11 
ill! 


r: i 1 
il 


il' 


1 li'i 

■ ' i 


I'll 

111! 


1 !l } 


* i ; 1 

i|i: 

1 1 


iiii i 


i" 1 ■■■] 1 ■ 

! ■! :;■■?■ 
!-! '! 1 


; - l-j-fj 


fell 


! • i" ' 

i 1 ! 


' . : i 


. . .1 

."•:' 1 

il + i- 


il . 
::M.;i 




l,i'i 




li I;-;; Mm ;m- 
Mil Mi !;■;: ;:-!! 


\\\ ii-l ■-! | iu 

-Ki-liH ilil 


■ ;.; f'TI-' 

: . : : ; : r ! 


1 ;::m i.-'.i-i T-iil 
|T\ ;-,. n:; MM] i 


iii iiii 




TTT 1 " 

•Hi 


-■ 1 • ■ 

-! r 




"ill 


teiiiH 


j-i-. ■ 


ii 1 ■"!"-! i 


I iiii 


■iiii 


t:!±i 

imI 


iH T 

IV- 


1 "1 '' 


Milii 


If. 


■ ' : ' ! .'■' i-i: 


::p'"il-i I 




■ n i 


■;;■:; ::;: jjii i::j 

'■]■: ,-m lip ;|!T 


r-hiw-tilil Hi! 


'• Mi ii"i| 1 


• il i ii>s ' ri I'll 


ijii- i i li 


;.l j . 


iii 


j;.;; 


: :\\\ 


iiii 


.l_i_i_ 

I '■!' 


tH 


■ i t' 


i-ii l 


I i ! l ' 


ill: iij; 


-111 


il: 

4- — 




lil! 


Hi' 


/Y i I , 


i-:.'i' i 




1 
• 1 


111 i|il IM h:i 


tj!iTm?fF| irTl 

i.|ll r.1.| iii! :ii: 


Iii' !i!l ! 


ill llll TK h\< 

il I '< li 11 IN 1 -h 

Mi! 11 Ml Ij-l-iXli 


Till ill! 


■\ i • 


iiii 

1 i ' 1 


' ' I I 

illl 


i ! ii 


Iiii 


iii; 

1 ;•] 1 


i I ii 


i-i-li 

IT'"; 
i rl '■ 


i'ii 1- 

ii ! 


-\ i-iH 

\ > * T 


'.'-'. [ . 


Mil 


Iii 


I-i 1 1 






,-i-i . 
rn;; 


■-■;|i;i ii 

1 ... 1 1 ■ 


lill 


1 


'■ H'' 


■ 1 1 ■ ;ji! 1- 1 • pi, 

:n; I'! II l Ill 


Hi rlf i|h ill 
Ml 1 H Ml Hi: 


'! I 1 f: i"; ' 


, ; ;.j : 1 n [J l;i> 


J ;.-i ; ; | ■[; 

rv i Ml 






i r-i i 

' i 1 1 


: ; 11 


i ■ t -■ 


r 1 \ - 

! Hi 


!-!'! 


H.|i 

i i ' ' 


] -i ! ! .- 


!"! ; i"' i 


liiili 


Iiii 


■1 ' 1 ' 

•if:' 


■ : 1 


i 


■i:iii. 

lilll: 




:i i iiiiii 




;m :;ij m ill 
iii! jii! "Nil HI 


!,: i-i im Iii 


ll|i iiri .j 


in .ii iii nn hi 


i-j-l , Si 1 

Ml: ; ;i-f^ 


Iji! 


iiii 


Hi'; 








iii-i 


! ! : "j 


ill-! ii 

ii:; r 


1: il' : 


I iiii irii 


M 


iii 


:' 1 IM 1 1 


: Mi 1 . : 


mit: 

.ii| 
. 1 i- 


1 j ;-; | i 1 
11-.,. 


■ 


li; 


11 1! iij! il'i 


in, :r;i i|lj :::. 
1-1 ■ ; MM :;!i :::; 


!|i! fili'i 


!['! iiii 1; 11! 




■'■ .X, 


S-U 

1 PS* 


J, 


'i'TM- 


: • 1 ; 

: t . , 

! , ii 




Ml ! ; 


I j'.Tj 


Hii I 


.. . | . . . 


i :i : 


1 




! ' ' V 


il 




i'i 1: 


1'jl; 


: nn ( 1 1 


; 


I'M 

!M1 


pi 1 i -> 1 iii 
sii! ! i 1 1 hi 


-- ! jl 1 III) -i;; 

-- iiii hi! Li 


i 1 II 


iii 1 i r; |ti ;. ■;. jj 


1 t 1 1 ! ; ■ 


i ! i- ! 


iiii 


I s 


Hii 


!;!| 


nil 

I Mil 


Mm 
' ill 


il! 


! ! i...'H 




. . .^^ 


i!{l 

1 Ti; 


i-j j \ 


! ' !"i 


■ i 


Imi 


iiiiii 


: .'\., ■ : ; 




ii 


WT\m 


!::.] iji | ::| \\\\ 


TTTTTitt 

nn til! i 


iij Mf-ijiiii; iii 

ifi Mill!:;:: ijii 


^ [iii 


Mil! 


!•! II 

l , .(.,■ 
! ' '. 1 


■iiii 


WIW 


<i' 


iiji 


ii 
1 


ii.il !' 


ii; i n 




M: M 1 

: H 


,];i : 


iii 


ui 


: - r ' 

: ii!" ; 


"I: i ' 


*"..., 


I'i 


M-.I 
•i-i ; 




Ir 




■iii 


jiTOOTT 


T^ It Tvt w 

r 1 1 -iiii 


11H ;::ji " 
t!|! ill! ! 


li! if; ill: 1 ■ \^ 


MWm 


is! 


|M| ' 


ii[T ;ii 


11 


■ j ■■ ! 

1 ! . . 

! . , . , 


T1M|1" T 




1 i Ml 


li! 


!:M 


,' Ml Ml 


ii 






"l rri 


Ml! 
ill 


rii'M 

■iiii 




Hi! 


> M 1 I ( ' IT I ' ! >' • 

JiiliMiSiiUdi 


Hi! iff Til! lit 


!-i TTT~ 

-1 -M 


II! iilillM iMii 

! 1 ! 1 ■; t-| 1/1 1 j j.j ; 


iiii iiii 


! iii 


r ! I ' 


il 


Ml"' 1 




iiiiiil 


: I ! 


..'' :■ 


ilijH^iMi 


-j . i.' 


b^il 


iiii. 


1 ! ! ': 


(til 


i Iii 


Mi 




;i iii: iii; Mil 


WTIH 


f I" ! "i 1- 


1 ■- 'i v r ' - ^ n ; ; 


p;"~M rrry 


Hii 


Tfii 






■ . 1 ; 1 
■ < 1 ' 


i'ii 


irii 


!|H 

ill't 


iHi- 
iii :: 

^,:i. 


iil|:M;i:^ 


iii 




' i 1 ' 


HIW^^ 


MM 


?3i 




iiii 


ill j! I:j I iiii 

1 ' ■ 1 ■ i • 1 ■ 

III M 1 1 il'i 


"nTTTTjtMTjf 

ijll i!if-- ii! ill 


-t'l-l I- l-'V 

■'•Ii" 


1 lil; -il ;ti! 

- 1 Iiii i;|l Mlli 


iiii lliil 


[ill 


: 1 ; i 


;!;• 


'; ; 


III' 
■ ' j J 


iii' 


4 


iiiif 

1! 11 1 




! ; Mil: i 


' ' '"! 




: rr; 

1! 


i r! ; 


i • Ml i'i • 

M'l'lli 


\0p ■ ' ! ■ 




■ ' i ' 


iii in- i!i' 


|.l.|| jij-l t-j|] jii 

iiji iiii iiii iiii- 


1 i-t i .. '. , 
Hii iLi i 


■ -i -i 1 1 i -; ■ ; 1 j 1 

ii liH !!:.; iiii 


lit liill 


i 1 ' i 


■ ■ TT 
■ ( ■ 


;!'! 


j i.i i 


i i M 


ii;:! 


iiii 


111 
Ml 

■;; I 


lllllili 


1 r ". 
, r .. 

ir ' 


■i , 1- 




iii' 
jl 


lil 


:i 11 




!; D 


\~\ ■•■\ 

j i Si 


IH ! 



/T 

bo 



,M 



M*££ 2 ° x 2 ° TO THE ,NCH 46 1240 

iNl*^ 7 X lO INCHES MADE IN U.S.A. 

KtUFFEL ft ESSER CO. 



T;\r^ ^ ^'// ( 



/'/■"■',' 




\'.\t 



IK- 20 X 20 TO THE INCH 46 1240 

*<2 7 X IO INCIILS 



MADl IN I). 5. , 



KEUFFEL A ESSER CO. 



/I . _. 



7 iT 



V 



m 





A . 










'" 




































/ll 
































ill! 


Hii 


1 1-! | -1 j 

iiii ll 


I! it 


h mi- 

-lUI-Uri 


l-"--!"TIT" 
•"■- H-i- 
r < 1 1 


MM 


iiii 


it!! 


ii!'!!;!' 


HH Hi! 
ill! in: 




HIIIIm] 

"*. : ' : ; ' ' ' 1 


Hill ijijl HIJ 


f 


If 


Ii!' 

i'.M 


]TH' 


1:)tH#|t 


j-)-i-l- [ff-l 


HT 


IF 




!;;[: 


f!!l 


TpT 


1 M-I 
M'-IT 




k 


lit 


u ill-i- 


! -It! 


:L 1 T ' 


;':': 


iji*» 


El 


I'll:* 

Hij 


jjj.ijiBffWL 


^1 !' 


;;-; 1 :.i;t;r 




H 1 : 1 ): :-jilt- 


*i 


tri: 

111"! 


jjl 


! :.!..; 


1 


ni- 1 


.1 " 


l'::r;i 


i i 


-t : ; 


i i 

-: ' : -. j 


• ■ ' { 


i 1 -i : 


Hii: 




M>\ 

1 1 ' * 


\- ■ 1 1 


nH tl 


I :l i 


Iili Iili 


! ri f!-J 


Hilpi 


:::fi*n! 


1 


1/,'^+ill iri!'!.! 


?M 


|!||!iii 




TJT7 

:-i-| - 


'-1 ; 

M-i. 




M : - ; 


rf-ii' 


r 

■nt 1 


.1 1 1 i ■ 1 -i 


;.;. j.;" 


MM -, 


j j. 1 


ii : 1 


i-i-i'i- 

;:!';x 




,.. . , 


\!i 


<;r. j 
! 1 1- - 
Mi ' 


1 It! 


inT Jift- 


|* !f i 


1 l ! \ 


• i i 1 


it" 1 




' M 


ii 


i'" 




Iil; 


iiii- 


; ( 


■M.IlM: 


\ ::i 


' ! ' ! 


III: 


: t i • 


i-i-j-i- 

|-i:tf 


ri : H 


i|i:: 


■ ,-T-i 


■ij-H 

iii!- 


■Ml; 


-1 i 1 - 1 1 1 
lirlliH! 


iiii. 


i:i' ! |H!j: 


-,-i ; 1 
U-|.' 


i.. r i:;- 


-i-l-;-:- 
ilii 




"TV 


■*iji 


1- ir 

i! |! 


iiii ! 1 


iPlpi 


W 


$ 


r ! ! 


iili 


ill 


Ill- 
Mi- 


iiii 


: : : : 

■ I M 


MM 


:i ■! 

! M-i 




;,;; in: 


iiii 


■ 1 ■ 


iii. 


! 1H- 


i-rj-j 

.( M f 


Mi. 
M 1 ' 


I'M 


iili 


iiii 


Mfi 




;, 


■ 1 ; . 


i.-r '.. I , .1- 

ii MM: 
m ■ , ; m j . 


; n ; r 


i-i] 


li'H 
|-; ; 




liii 


1 ■ ■ i 


^l|ft 


J ! 'TV 


! : : i ! ,-{ 1 

!!!! Iiii 


Hi ! iii 

Iiii iMi 


tiH 


m 


i»!-l- 
MM 

i . 1 I 


TUT 


Itii- 


ni 
11-1- 


ii ■ 


. i ! ! 


Iti 


r: ri 

i | ! 1 


ill I 


1 ! ; I" 


it; 




;,i! 


M H 


■I' 

1 : ! . 


i|H 

■ 1 ■ 


': ■ ' 


M^iif 1 

iiMlliH 


I' ,.; ' 


M 1 ' 

i'i 




Mil 


TwT 


litiiin'n 


-I-l I- 
it]-: 


'l."ii.- 


fUfSJ 


III' 


iil! 


!Hll! 


ill 


Iili H! 


III! ill"! 


l-i-M 


■1 


ill 


Iil it! 


( i-i i- 
iiil 

Tl! 


iiii 

TIT : 


nil 


1-1 -< 
MM 


IT 




1 1t 


Mil 


M\ 


i;ii 


rj ..;.; 


I-i i-i 


1 ' 1 

I'M 
i-i -1- 


ll f ! 


i"i ! i 


! ,N- 


lliii 


■I - : I 


. ; 


-'■;'■ \ 


«^#. 


,' i'iHii't 


iii] 


hm»: 




.1 . , , 


■ i:, 
1:!: 


mmYJ] 


Ii !!•:* 


V ' I-i V M" 




1 ! i = 


i i ii 


W\ 


; i ! T 


r- -i-l- 

Hi] 


-i- ;- 

t--! 

1-1- * 


!:: i 

1 i in 


' ii i 


i'lli 


■ 1 
ii 




i '-! ■ 


•■I'i-! 

:itj 


III 
h!| 


TT - ! 
, , | 1 

1 III 


ill! 


;!! 


illt 

IMT 


JTTi 


H : 


:-i i-i i-,-H 
Mill :ii! 


iiii i> 


i- H^ 


?ftA%fe 


H i-i- 

! Iii 


I- : :■ 




:i'!l i 


MM 


iiii ft 


11 -ri 

I 1 ■ : * l 

II 1 ; -'! 


ImSM' 


tlili 


Iiii 


ff 


ftp 


iiii 


j-, ., , 
[111 


III | 


Hi' 1 


i 1 1 ! 


• i-l-i 


!i : 


1 


■Ir; ; 


MM 


ill; 


: i ; ' 


\ 1 ':' 


iii !!|i 


! )■}! 




,. ,|:.,.i 
■ ! 'I *'■'■ 


it. 

r i' : 




■ . ■ 1 -. . ■ 


t"i- ii 


. i- , 1 , 1 


vrr." 


;iV 


' - j 






1 1.; ! 


I 1 . ', 

mm 


■Iil H 


St\ 1' j ; ! 


i ; M *v it 
IH ; iTSl 


1-i I 11 -! 


Mi- 


til! 


ffll 


Ti FT 

Mm 


M':.l 


i| 1 


[ ; t ; 


i'i 


M ' i 


iiii 




i: 


i ■ 1 


!;'! 


■ I ; 


1 ! ' 


i ! i 




! 'i 


- : .ifr, 1 . 

i'HH 1 


in 


ImT'Tm ; i-i 


I'll 




1 1 i 


' : : ' 


1.(1- 

' ■ '-[ 




; ; i ; 


tht 


•Ml m 

Iiii 1! 


>H ! : 


Iiii illf 


sin |i 1 

XH ! * M 


l! ! : 


1 : ;■' 
MM 


M ' ' 


; ■■ i 1 
ir'i 


t ! ( j 


Mi ; 


'i'i 


Iiii 


i ; ' ' 


ill! 


Mi; 
i i-i'i 


iii 


ill' 

i • 


MM 
IMI 


iiii 


, I }. ! 


1 ;■: 


HH 
1 1 1 . 


ill: 


: . ! T 


ti 

..... 


it|. ;! r~ 


i '.'i'i 


. 1 


' i I-i i 
.M'M.i 


14.. ' 


>i 




t^ 


iil; mi 


mXmm 


■■'it 


III I 


Ml! 


Iiii 

1 1 , 


ill! 


in 

Mi 


' i : i 


I'i ;■;' 


ill; 


iil; 


'€ 


'ii' 


iii! 


Mil 
1 "I 


i i 

1 1 M 


TiT 71 M 
.■'l Mi: 


itlMn 


M ; ii : H 


|i|i 


; 'M: 


' ' i ' 




' ' '■ : 


■ ; 1 






; ; j ; 


-i-fri 


;:;: m 


'-'• MM 

1 1 1 1 ! 1 


Hi! itll 
'1 ■>■ - . 1- II 


1 ; !'! i \. 


' ■'.: 


'■ i 


i-hM 

I.M-I 

1 I-l ' 


r;;;. 


■ ' ; I 


iiij 


i ' , • 

1 ! M 


1 Hi 


ii 1": 


iiii 

i-i ii 


HI: 


li-M 


i i M 


M< iii! 

_>.]_: ' jj : X' 




i':M 

ill 


1 1 H 


::.' 

1 ! . 


" : ! ! it] 

"tjmm 

III 1- ■ 
• ■ 1 II I-l 


iinlli'i: 


Ml- 


mm. i : ' 


■ ■ • 1 ■ 

T Vt7 


i- M ' 

Ti;iT r 




11 TT 
II 'ii! 


'K'ty 


iiii :::; 


j\ 


I ' I : 


i'i' 




Hii 




-■I 1 


|.|. 


MM 

Hi! 


:.'; 1 - 


1 . ■ 

' ' ! i : 




1 ! ! 


: : 1 1 


iii! 


i'i 


Mi 

-j-| Ij 


tli 


~i L r.M 






;;!i|::H 


. 1 ■ ! ; . 

! !■ ; i ! 


II iiii 


I'm Hii 


1 ii i ;: ; 


; i ; 


jV ! 


I,; 1 


;!;: 


Ij 


* t ■ 1 


:; : - 


: . ; , 1 ; : | ; 


;H; 

TjIT 


i : ' 


: . i :., 


1 ! I I 1 I ! I ! 


'iii 


i 


:Mi! : mj •niliil 


mfm 


1 ■ I - 


Hi 




Hm i 


;.-;-. '-'-'Mi 

■ i .- 1 - 1 j- 


iiii' 






1 ■ 

1 ■ ! ' 


ii H 


ii ill! 


!.:;;. [tfi 


■ !' -14 i l; 1 


i '■[ i 


iiii' 


1x 


iiii 


'III 


1-1 » t 
!.'' I' : 


1 ". j ! 


; .; .j | 


I'm! 


M i ; 


.':. It:: 

; • ■ 1 -l ■ 


llltitl 


I-i t '■ 

Mii 


iii] 


I-i : rji. •! . ii-ii Ml 


% 


MIl'M'ti. 


iiiii: 1 :- 


: Hii T i'i 




nil 


■ r 
iili 


: . ; ( . 

Ml! t 

I! 11 I 


1 ; it' 

it ■ <r l 

!i mi 


Iili ']-! 


- |H ! 


' ' 1 ! 


[t-lijiii! 






i LI i 


;•;; 


::.H 


I'll 


ii! ! I 


iii 
1 1 ; 


I'll'-; 


MM 

i j i r 


1 : : 1 


: t-r- 


ij n 


jl ! M H; 


iiM 


M-i ;- 
114:; 


'■ i-i 


I:;:!-!:'!-; 

I' - : .pTT 
!:':•!!-:-:- 


. , ;.: | , : 

M-liiili. 

::i:iT:-i 
- ■ - -I 


. . | M 

::1 I!-H; 


; - - i i 




is i 


ill! 


IIH! 


1' iiii 


;.i|ill|r 


i!i! liT; 


m 


\M 


ii * ' 


•^s 


iTii 


iil! 


■iil 


Mi; 




i 1 1 




M* ! 


Hi: 


• ! , 


: Mi 


■;;.'[" i.T 


te 


ij- : 


.:..r, :i 


M ;1 ; ! 




; \\ 


:j I ! 
• ' 4_j_ 


ill ! 
Ill 1 


ll iil: 


id! iiii 

iii! fSH- 


Mm Ij.i 

Iil! ;l ! ! 




% 


::,; 


mmmH: 


;■■■ M" 




: |l! 




i ! i 1 

Iiii 


j:. 






Mi-iiii!; 


; j '. : 

!■■:-] 


'■'■ I ' 
|m - 
■ 1 M i 

I-. . -1 


in-i 

: t" 


!M 
1 
i , , ' j :.; : 


.Mi- 


iit 


:it.!!iHi:,H 

-;-. . | ...... 




> : -' ■ 


,! H ; t 1 




■; JTj 




ill; ; 




HI! ii!"! 


■f!fii[!i 


- j 1 . . 


r r - 1 

iii! 


r!M 


■fliiLij 


ii-Ti 

7!'[l 


' 1. 

4i 


^J ' ' 


'.'.]', 


ITH 




: - 1 . ; ■ 


!'!:' 


■ ;-i i 


|:ii 


:. : :-|'i : 'HIT 


H-i-l 

til 




..; .•-.: t- - - ] i' 


i-i ; ' i-i-' M 

,_ . j . : r 

Mi 1. - r 




rrr 


Tiv, 

mm 


Mil ! 

nil i 


!! It] 


ftjiTil 


41 :■;[.; 




fl+f 
\M 


-MM 
if M 


MilK- 

■'■'"■; 1 ' ; "' 


iw 


l' : M 




, ; 


"It- 


:|1 : ' 


:;;!::::: 


til i'! :; 




•I'i 


]-;]-' 


I-' Hi: It Hi 
■ 1 -1 ■ — 


.;]]]: 


tij : T:tHtiH;;;i'i;i : : |ijf; 


...... j , , . , 




-t-( , , ; . 

!: Hi! 


illl Ml- 

! 1 • ihi 
iili |:-| 




Hi! 


M 


tl-M 
MM 


prt 


i 1 


ifii 


% 


i : [". 


;-,-!... 


lH-4 j 






M.J.: 


iliiiii'i 




'■ r: ; 


Ms 
i ']..! 
I . I 1 


t-THiliiHT 


4-1-1.. 
P ii- 


tht! : iiii ii;-i hi:' : 

;.-.|i---l - i-l ! • 


..:. 

»= 


I i'i;' 




" . ' 




I * ■ ' i 


' ! 1 J 


hi i 
hi , 


i MM 
'•! MM 


fit i-l 


ii-ii iiii 


•Ml 

]■> : 
-iifl 


-jil-i 

MM 


iili 


iili 


' : \': 


■; ;■ j J 


! • 1 • 

;!m 


:T> 


^i| 


MM 


iil 1 


■ .' i . 


; 1 ; 1 
i 1 


iiJTTTT 


iJ 4ii 


MM 


i'lH 


, . : ;.. ;.( i 

i :-: : HHji: 

1 : ill! ' 


■ I-J . 

ijj 

' } I' 


\ MM. 


j Ab^titiji 


|ii 1 


H ii 


: 1 1 




Iili 


!H! 


'Ii! 


;■' ill 1 

i -it! 


MM iili 
Hi! Mil 


Tni iiii 


Mil 


1 n-i 
1-1 . 1 
! I-'M 


iiii 


IMi 


! t-i i 


iiii 

1 ' ' ! 


1 ' f ■ 


;M, 


1 r> 


Xl 

. 1 T-u 


:m' 


: : ; 


M '.'■ 


MM 


iili 


1 i - ■ - 


I'M 




.^W^i III 


MM 


M ' I 




il|i 


HI 


HI ■ ' 
111 ! 


I] iiii 


•in M IT 

III] ill 


rli 'ill 


ill! 


i H'T 

mi 


iiii 


,'■ M -i 


i'i ■' ; 


1 j;| f 




: ' ! • 


iiii 


ill'- 




i ; 


: , ' M ; ; 
''■''■ 


: : 1 : 1 ' 1 

' • i 1 ' 1 • : 

" ' ' rj :;r; 
Hiiji:. 


|M:iM' : 
t" !''"'" 


i ; '""' ' 


-f™- 


| H !li 


.:..]_. 


• 


iiii 


Tmm 


1 i'i 




l!!! 
1 - i 1 


III! 


ii 1 

i 1 


i Mil 

i Iiii 


ill! [ H 

i!-l! Mil 


I-l! ; • - i 

I ii iili 


Hii 


ifll 

MM 


fill 


iiii 




; ! ! ' 




lllllil; iT'lilii 


i , ! ■ • 


■ ■■ mm: 






'MTT- 


i^»;:;= 




;;]; 


ijf| 


iif-f 

11 T 


'I 1 ! 1 


iili Iff 
i ii-; -if r 


jlll l!fi 


iiii 
I'.' * ! 


iiii 


■tji 

' r 


iil! 
I'll 


ilt 


JM 


M 


I-l: 


:;H 


Ml.! 


i ! ; i 


HHtil: 


ttit-jm ; 


iili 


iii: 


; ; ' . it i-j j 


f:l< 

1.1 M 


lii'i- 


! '-,.'. ! 


1 M 


■•."■ 


!i| 


; - 1 1 










Mil 


!-l 1 •! 

::!: ! 


■ ! i-li 1 

! Iili 


T ; r II- 

■il ! ii-|i- 


it] |i:.i 


III? 
t in 


l-i-M 

iiii 


i-f 1 


fii 


ill:! 


Tt]T 
fii-l 


T ; : i 


i M r 

';VI 


I'M 


|i i : 
1-1:1 i 


■• 1 : ; 

ihi 


' '-j ' 


■i-i : , 




'Hi 

iiM 


it 
M\ 


I'iiliH! 1 




it-! 


nihil Iiij 

1 ■ 1 • 1 1 1 ■ M : ' : 


it-)-; 

)-• - 1 


]•■ 


"■' 1-1 


.:-' • 


iiH-i 



o 



; v\ ' 



20 X 20 TO THE INCH 46 1240 

7 X IO INCHES MAOi IN U.S.A. 

KEUFFEL & E.SSER CO. 



r- 



,'fi ^ \° 



it A 



^<j 




KP" 20 X 20 TO THE INCH 46 1240 
*£! 7 X IO INCHES WADE IN U.S.A. 



KtUFFEL ft ESSER CO. 



r\ 



■>f <$° 



/w < TIlIlc 



\A 




K* 



20 X 20 TO THE INCH 46 1240 

7 X IO INCHES MADt in us. A. 

KEUFFEL & ESSER CO. 




IftfiP 1 ?- 



20 X 20 TO THE INCH 46 1240 

7 X 10 INCHES MADE IN U.S.A. 

KEUFFEL 6. ESSER CO. 



2o4 




146 



+SV 



jhU-sJ&trH 



+1TV 



V t „ 



R c -/.33KSu 



i+\- 



1/ 



WA- 



d)/>^ 



O a 2osi. 



~o 



V„ 



8» ; cf' 



■0 



W* — • — /j- — ■ <JULr 



vX- 

4 



/Ofc-T. 



-^AA- 



/?cV.i*/f-~ 






&/<* 



/4 



d-A*.U.iJ^&<2. rov /*.£, ttjt&ttes.^ ^a^s^<*c; yt./jt-~."'U-3 w "*? /J.-Z'-l 



r 



(j 



/ 



•rt/ioUtC t /^-^y 









y. 






V, 



/?. 



o - 



£ 



^ 



2 



^ + ? 



? - A f J7, + 



J*^ 






147 



1/,, 


— 


A 


^ 


-■ \T j. ^ ^ ^ ^ -" X? ^ "^''' 

^-1 ^ ~T ' ^ ... ' ' 










! — 

i 


-r; 




*' s*'&g s 9~*z 1 




_ fzUi££\ \Ca. 



/ 



v^o ~" 



£#£q 



AsiZ~e*//C* ; 



£ 



£,/£ * -^ 



£ *.fk 



& 



se e* + 1 



"£ - Kq i~ J-Cq + 



& 



/. 



JCoZj ft 






148 



_ S *dp C £y + SUo ■* ''■?■$> & ) t*k *& 






T<9* I 



K< 



A 



e» 






g c C £ -+ 4J 



7^) = -* 






■+j>n> 



£*o 



^> 






(^g,;^;^j 



/f / - *% fek 






^j. - 



/V4»4> 



„v^< <.«,„ ,0— ^W ^ ?/£/© ^ s£&-*.f /Jt#tr<jf -/ftf?*'- 



(/U£ £&Jt j^tt d.6 









(J 







7° £4A*% 






£&**£ gtiL^t ~32 •^//-/"■Jt-v. , ^,o>/* 









149 



jcs) =• 






< -j. 



C^? & 



^ (S^^St Mf) 



S + Cvfy 



rw - £ 






Jk** (&jY ^/ht'^P^U 



■■2ZJJL 



I 



I - *- " I n ..i .^■ii-— i ■ ■■ m h *■ ■■ " - ~ i i n ■- "■ i i i i i *•—• ^ 






■■A 









J*/** ^fc)' 



V^ v V>) ' (z & ^ l0 > - f ^ 






ty^rtj j - 1 v*fjfafif+ r *J : 






_/ 



S<^; s ^'' 4, « w -^ " »+£&* . ^,,:'^A 



^ z -l 






-/ 



&(zx-f)= £,&« c&zxf-sZ*- 



->#*- ' 



*7 



/r/ 



PAGE 0001 



SINSERT SYSCOM>KEYS.F 
SINSERT SY3C0M>ASKtYS 

DIMENSION X< 1001 >,Y< 1001 ),FAZ< 1001 ) 
REAL LD 

CALL SRCHSS<KSWRIT, 'LOT7' ,4, 1,0, CODE) 

TO?I=6.2G32 

PC = 12, 30. 

RD=150. 

R! = 63000. 

CD=GS0.E-12 

LD-Z2.E-6 

F0---1 . /<TOPI*SQRT<LD*CD>> 

A2ETA=t SQRT(LD*CD)/2. >*( 1 . /<CD*RX >+( RD+2 . *RE )/LD ) 

ZETA-.5M 1 . /<CD*RX) + <RD + 2.*RE )/LD> 

DO 10 1=1,1001 
F=FL3AT( 1-1 >*500. 
XC I ) = F 
A=RC/LD 

B = SQPT< (TOPI*F >**2+< 1 . IK CD*RX ) )**2 ) 
C = 2 . "TOP I *F "SQRT< ( TOP I*F0 >**2-ZETA**2 ) 
D=SQR7< (<TOPI*F )**2+{TOPI*F0)**2)-C> 
Y( I ) = (A*B)/D 

FAZl I >=ATAN(TOPI*CD*RX*F)-ATAN<<F/F0+SQRT< 1 .-AZETA**2 ) >/AZETA ) 
10 FA2( I >=FAZ< I >-ATAfi<<F/F0-SQRT( 1 . -AZETA**2 > J/AZETA ) 

Z = Y( 1 ) 

CO 30 1=1 , 1061 
30 Y( ! > = Y( I )/Z 

VRITE<5,20XX(I),Y<I>,FAZ<I ), 1 = 1, 1001) 
20 FORMATUE12.5) 

CALL SRCHS3< KSCLOS ,0,0,1 ,0,CODE ) 

CALL EXIT 

END 
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SINSF.RT 3VSC0K>KEYS.F 
S INSERT SV;COM>ASKSY£ 

DlrtE^.iON X( 1001 >,Y( 1001 ),FAZ< 1001 ) 
REAL i.D 

CALL SxCHSSiKSVRIT, 'L0D7' ,4, 1,0, CODE) 

TOP 1*5. 2032 

F*=s._e 

C*>. 1--6 
RO-1S0. 

CL' = 6r;i.E-12 
LD-2^.i£-6 

F0-1 . /,■ TOPJ*SQRT(LD*CD) > 

2£VA ..5-C 1 . '(Ci)*RX ) + {RD+2.*RE)/L0) 

AZETA* .5*SGRTO_D*CD >*( 1 . /< CD*P,X ) + < RD+2 . *RE )/LD > 

PG5ri' r «'50./{AZt'IA*5Q!lT( 1 . -AZETA A *2 > > 

DO ! .' 1 = 1,100! 

F--FLOATC 1-1 >*U00. 

X< I }<=■■? 

A=10.*F-*F3/SQIVnF*F*FB"FB> 

Z=\ . ^•3ftT(F*F + ( 1 . /3Mi.6*C)**2> 

D-- 1 TL>P I : F;C /LO > *SORR F *F + < i . / ( TOP I *CD*RX ) ) **2 ) 

E-2. "TOP I "i-"«f ; ORT( < TO? I*F0)**2-2tTA'-*2 ) 

Q-3C!'- ri 1 <TO?i*F )**2 + <TOPI*Fin**2 >**2-£ ) 

v< I ) -..;«D -"Di/r, 

10 FAI".'. ; i-ATAN! TOi-i-CC-'T' , /"F>-ATArl{ {F/F0+SQRTC l.-AZETA**2))/AZETA>- 

1 ATAiU < F/F0-SG;,T< 1 . -AZETA**2 > h'AZETA >-ATAN< F/FB ) 

2 ~ATA(K314l.G*F*C> 

VRITf. !. 5,20)( X< I ) ,Y( I ) ,FAZi I >, 1 = 1 , 1001 ) 

20 FORMAT i 3E12.5) 

\!\ IT;! ; 5 , 30 ) ;"0 , ZETA , AZETA , POSHT 
30 FCi-.MATiEi2.5> 

CALL :j;iCHid(KSCLOS, 0,8,1,3, CODE) 

call t:;<rr 

END 
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SINSERT SYSCOM>KEVS.F 
SINSERT SY5C0M>ASKEYS 

DIMENSION X< 1001 ),Y( 1001 >,FAZ( 1001) 
REAL LD 

CALL SRCH$S(K$UR1T, 'LUD5' ,4, 1,0, CODE) 

TOPI=6. 28318 

I'. £=20. 

RC=1330. 

RX-15<.'00. 

RD=270. 

CD=680.E-12 

LD=62.E-6 

F0=1./(TOPI*SQRT(LD"CD)) 
ZETA=.5*SQflT<LD*C0)*<l./(CD*RX> + (RD+2.*RE>/LD) 

0=SQRT(l.-ZETA-*2) 
FB=S.E6 

DO 10 1-1,1001 

F-FLOAK I-1)*1.E4 

X< I )=F 

A={ 100.*RC)/<LD*TOPI*TOPI ) 

b«SQRT((F*F*F0*F0)**2-((2.*F"F0)**2)*{l-ZETA**2)> 
&d G«(F«FB)/SQRT<F*F+FB*FB) 

:t *' Y<I>=A*G/B 

10 FAZl I )=-ATAN(<F/F0+D>/ZETA>-ATAN(<F/F0-D)/ZETA>-ATAN<F/FB) 

WRITE(5,20HX<I),Y<I),FAZ<I),I-1,1001> 
20 FORMATOE12.5) 

WRITE(5,20)F0 
URITE(5,20)ZETA 

CALL SRCHSSHKSCLOS, 0,0, 1,0, CODE) 

CALL EXIT 

END 
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SINSERT SVSCOM>KEYS.F 
SINSERT SYSCOM>A$KEYS 

DIMENSION X( 1001 ) ,V< 1001 ),Y2( 1001 ) 
REAL LD 

CALL SRCH$S<K$WRIT,'LAD8 ',4,1,0, CODE) 

RX-68000. 
v RD=160. 
CD = 6rj0f.E-12 
LD=22.E-6 
R£=20. 
RC = 1332». 

W0«1./SQRT(LD*CD> 
ZETA«=.5*<1./(CD*RX) + {RD+2.*RE)/LD) 

AZETA=ZETA/W0 

F-125000. 

W=6.2832*F 

DELTA«<W*W-W0*W0)**2+<2."ZETA*V)**2 

A = ( RC*W*W0*U0/LD-2. -ZETA*RC*W/< LD*CD*RX )-RC*U**3/LD >/pEI-TA 
B=<2.*ZETA*RCn/**3/LD+RC+W+W0*W0/(LD*CD*RX>-RC*W**3/(LD*CD*RX))/DE 

1LTA 
:j C=(RC*W**3/LD + 2.*RC-W*ZETA/(LD«CD«RX)-RC*W«W0*W0/I.D)/DELTA 

D = ( RC*W**3/< LD*CD*RX )+4 . *ZETA**2*RC*W/< LD»CD*RX )-2 . *ZETA*W0*W0*RC* 

lU/LD-RC*W*W0*W0/( LD*CD*RX ) )/DELTA 

DO 10 1=1,1001 

T=FLQAT< I-l)*2.4E-8+24.E-6 

Y(I)"I*COS<W*T>*CB/V>*SIN<W*T> + <C*EXP<-ZETA*T)/^ 
lZETA*SQRT(W0*W0-ZETA**2>«SIN(SaRT(U0*W0-ZETA**2)*T)-<W0*W0-ZETA**2 
2)*CO;(SQRT(W0*W0-ZETA**2)*T))+D*EXP{-ZETA*T)*SIN(SQRT(W0*W0-ZETA*« 

32>*T>/SORT<W0*U0-ZETA**2) 
10 Y2( I >»SIN<6.2832*F*T> 

WRITE(5,20){X(I),Y( I>,Y2( 11,1-1,1001) 
20 FORMATC3E12.5) 



WRITE<5,20)A.B,C,D,DELTA,V,W0,ZETA,AZETA- 
CALL SRCHS$(KSCLOS, 0,0, 1,0, CODE) 
CALL EXIT 
END 
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F. Common collector transistor equivalent circuit model: 



Common collector transistor circuit is commonly used as buffer to isolate 
(reduce) the effect of output circuit effect (loading) on the input circuit. 
There are many ways of modelling a transistor circuit. The most common ones 
are Tee equivalent circuit, hybrid, hybrid II, charge control model and 
other variations. The model I am going to use is a variation of hybrid II 
model for small signal and low frequency applications. Small signal means 
the transistor is in linear regim. Low frequency means singal below 10 MHz. 
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